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19th Annual Anomalous Absorption Conference 
June 19 - 23, 1989 
Durango, Colorado 

Monday Morning, 8:30 AM, June 19 - R. Berger, Chair 

Invited Talk ( 30 minutes) 

AI Competition between SRS and SBS; 
D M Villeneuve, HA Baldis, and J E Bernard 

A Oral Session - Stin1ulated Raman Scattering 

(15 Minutes Each) 

Al Stimulated Raman scattering in the caustic illumination sheath surrounding a laser 
fusion target; 
R W Short 

A2 Numerical studies of x-ray emission by fast electron pulses; 
A Simon 

A3 Backward and forward Raman scattering in long preformed plasmas; 
F Amiranoff, C Labaune, C Rousseaux, G Matthieussent 

A4 Studies of collapse in two-fluid plasmas; 
JP Sheerin 

A5 Absolute SRS from density cavities; 
H C Barr, T J M Boyd, and A P Mackwood 

A6 Simultaneous experimental investigation of the stimulated Raman scattering and the 
two plasmon decay instabilities; 
J Meyer and Y Zhu 

A 7 Collisional and Landau damping can compete to produce narrow Raman scattered 
spectra; 
RP Drake, EA Williams, PE Young, Kent Estabrook, W L Kruer, HA Baldis, and 
T W Johnson 

AS Two color experiments using the Nova laser; 
PE Young, HA Baldis, D S Montgomery, BA Remington, and K G Estabrook 

A9 Investigation of (3/2) w0 emission and Two Plasmon Decay waves in an underdense 
CO2 - laser irradiateq. plasma; 
J Meyer and Y Zhu 

Monday Afternoon, 4:00 PM, June 19 - S. Coggeshall, Chair 

Special Review Talk ( 45 minutes) 

SR Review of the Current Status of Cold Fusion J Rafelski 

Monday Evening, 7:30 PM, June 19 - J. Delettrez, Chair 

Review Talk ( 45 minutes) 

BR Electron dynamics during laser plasma interaction; 
JP Matte 
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B Mixed Poster Session 

Bl The relativistic modulational instability of light waves in rarefied plasma; 
CJ McKinstrie 

B2 Excitation of strong Langmuir turbulence in plasmas near critical density: application 
to HF heating of the ionosphere; 
D F DuBois, HA Rose, and D Russell 

B3 Effect of optical smoothing on laser-matter interaction; 
P A Holstein, J L Bocher, D Desenne, D Galmiche, and F Mucchielli 

B4 The role of Induced Spatial Incoherence on stimulated Raman scattering; 
P N Guzdar, Y Tan, Y C Lee, C S Liu, and R Lehmberg 

B5 Effects of Induced Spatial Incoherence on x-ray conversion; 
R A Bosch, E F Gabl, JD Simpson, B H Failor, J M Stiegman, J L Thornburg, and 
G G Ganger 

B6 X-ray emission from laser produced plasmas: effect of pulse shape and duration; 
I Toitbhans, R Fabbro, J C Gauthier, M Chaker, and H Pepin 

B7 Stochastic behavior of resonant absorption in the microwave range; 
B Gros, J Godiot, G M atthieussent, and A Heron 

BS Bistability and chaos in beat wave - plasma interaction; 
W P Leemans, C Joshi, and C E Clayton 

B9 A self-consistent wave-kinetic formulation of wave-plasma interactions; 
E R Tracy, A H Boozer and A J Neil 

BlO Absolute SRS from a rippled density ramp; 
H C Barr, T J M Boyd, and A P Mackwood 

Bll Nonlinear coupling of scattering instabilities in laser plasmas; 
T Kolber and W Rozmus 

B12 1-D non linear SRS/SBS behaviour with Langmuir and sound wave coupling (in ho
mogeneous plasma); 
G Bonnaud, D Pesme, and R Pellat 

B13 Electron plasma wave breaking and caviton formation; 
B S Bauer, L. Scurry, and A Y Wong 

B14 Spectroscopic diagnosis of high density laser imploded capsules; 
CJ Keane, L J Suter, R WLee, RE Turner, JD Kilkenny, PM Bell, and RS Thoe 

B15 Implosion experiments at 0.26 µm;

E Fabre, M Koenig, A Michard, and P Fews 
B16 XUV and soft x-ray spectra from picosecond laser-excited plasmas; 

D G Stearns, 0 L Landen, B J Mac Gowan and C K  eane 
B 17 Laser-produced plasmas in medicine; 

S J Gitomer and R D Jones 

Tuesday Morning, 8:30 AM, June 20 - D. Matthews, Chair 

Invited Talk (30 minutes) 

CI Recent ICF Progress at Osaka; 
H Takabe, Y Kato, K Mima, and S Nakai 

2 



C Oral Session - X-Rays, X-Ray Lasers and Hydrodynamics-I 

(15 Minutes Each) 

Cl K-Shell photoabsorption edge spectroscopy in a dense plasma; 
A Ng, L DaSilva, BK Godwal, G Chiu, F Cottet, MC Richardson, PA Jaanimagi, 
and YT Lee 

C2 Recent soft x-ray laser studies at NRL; 
EA McLean, TN Lee, J A Stamper, HR Griem, and CK Manka 

C3 Observation of gain in Na Ha transition with short laser pulse irradiation; 
Y Kato, H Azuma, K Yamakawa, H Takabe, T Ta chi, T Nishio, S A Ramsden, and 
SJ Rose 

C4 The development of a multi-pass x-ray lasing amplifier; 
G Charatis, DJ Drake, PD Morley, and J L Trebes 

C5 Coherence of x-ray lasers; 
R A London, M D Rosen, and Moshe Strauss 

C6 X-Ray laser emission from long line-focus plasmas; 
R S  Craxton 

C7 Three dimensional simulations of laser driven implosions; 
R P J Town and A R Bell 

C8 The ablative Rayleigh-Taylor instability in three dimensions; 
J P Dahlburg, J H. Gardner, and Gary Doolen 

C9 Effect of radiation transport on Rayleigh-Taylor instability growth rate; 
J H Gardner, J P Dahlburg, C R De Vore, and S E Bodner 

Tuesday Evening, June 20, 7:30 PM - E vVilliams, Chair 

Review Talk ( 45 minutes) 

DR Key physics issues associated with free electron lasers; 
Cha-Mei Tang 

D Mixed Poster Session 

Dl Smoothing and stability of a plasma corona produced by a non-uniform laser irradia
tion; 

JR Sanmartin, J Sanz, J A Nicolas, F Ibanez, M Perez-Saborid, and A Barrero 
D2 Comparison of enhanced Thomson scattering from long and short scale-length plas

mas; 
SH Batha, D D Meyerhofer, and A Simon 

D3 Collisionally enhanced degenerate four wave mixing in a plasma; 
Y Kitagawa, R L Savage, Jr., C Joshi, and C Clayton 

D4 Absolute and convective instabilities in infinite homogeneous media; 
C J M cKinstrie 

D5 SRS convective thresholds in a linear density ramp; 
H C Barr, T J M Boyd, and Osama Yasein 

D6 Pulse-shaping of direct drive capsules for absorbed energies of 100 - 500 kJ; 
M Cray, S V Coggeshall, GR Magelssen, and WC Mead 
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D7 Analysis of recent Nova symmetry and implosion physics experiments;
L J Suter, R E Turner, C J Keane, J D Kilkenny 

DS 3D multimode, ablative Rayleigh-Taylor simulation;
J P Dahlburg, J H Gardner, and Gary Doolen 

D9 Hydrodynamics of ISI laser light self-focusing;
R Rankin, CE Capjack, and CR James 

DlO Measurements of x-ray conversion efficiencies for shaped laser pulse irradiation of gold
disks;
C Darrow, H Kornblum, F Ze, J D Kilkenny, and R P Drake 

D11 "Photon accelerator": new method of frequency upshifting ultrashort laser pulses;
S C Wilks, J M Dawson, T Katsouleas, and W B Mori 

D12 Fast compression of magnetic flux using an imploding cylinder driven by laser beams;
W Choe 

D13 Radiative yields from femtosecond targets;
MD Rosen 

D14 Interaction experiments with 10 psec pulses;
J E Bernard, D M Villeneuve, and HA Baldis 

D15 Creation of high density plasmas using x-ray sources;
L DaSilva, R Falcone, D Matthews, and J Trebes 

D16 Gain and line broadening measurements of Lithium-like ions;
J C Moreno, HR Griem, S Goldsmith, and J Knauer 

Dl 7 Characterization of a line focus plasma by high resolution x-ray spectroscopy in the
keV range;
J C Kieffer, M Chaker, M Hebert, H Pepin, D M Villeneuve, J E Bernard, 
and HA Baldis 

Wednesday Morning, 8:30 AM, June 21 - P Goldstone, Chair
Invited Talk (30 minutes)

EI Planar foil instability and mix experiments at the Helen and Nova lasers;
P Fieldhouse, K Oades, P A Rosen, J C V Hans om, T J Golds a ck, N Cowperthwaite, 

D L Youngs, N Mawhinney, A J Baxter, BR Thomas, JD Kilkenny, D Bach, 
R Wallace, V Rupert, and P Skokowski 

E Oral Session - Hydrodynamics and Ultra-short Interactions-II
(15 Minutes Each)

El Recent NRL measurements of velocity uniformity and hydrodynamic instability in
ablatively accelerated foils;
J Grun, J Stamper, E McLean, S Bodner, K Kearney, C Manka, A Mostovych, 
S Obenschain, C Pawley, J Dahlburg, M Emery, and J Gardner 

E2 Hydrodynamic turbulence due to laser-accelerated foil targets;
J Stamper, J Grun, J Crawford, C Manka, A Mostovych, B Ripin, and E McLean 

E3 Second order analysis of Rayleigh-Taylor instability with multi-mode initial condition;
SW Haan 

E4 Characterization of plasmas produced by intense, 1-ps, laser pulses;
Y -H Chuang, SH Batha, H Chen, D D Meyerhofer, M C Richardson, and S Uchida 
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E5 Collisional absorption of short pulses; 
R Cauble, F J Rogers, and W Rozmus 

E6 Calculation of inverse bremsstrahlung absorption of high-intensity laser light in short 
scale length plasmas; 
D D Meyerhofer, Y -H Chuang, J Delettrez, and M C Richardson 

E7 Exact solution of the Boltzmann equation in the presence of an intense laser field; 
S Rashid 

ES Equilibrium ionization of high-density matter; 
S Pfalzner 

E9 Hydrodynamic simulations of ultrashort laser pulse interaction; 
J Delettrez, D D Meyerhofer, and M C Richardson 

ElO Recombination lasing in plasmas produced by above threshold ionization with ultra
short optical pulses; 
G D Enright, N H Burnett, and P B Corkum 

Wednesday Evening, 6:00 PM, June 21 

Banquet 

Business Meeting - RD Jones, Chair 

Review Talk ( 45 minutes) - B Bezzerides, Chair 

FR Nonlinear science: from paradigms to practicalities; 
D K Campbell, 

Thursday Morning, 8:30 AM, June 22 - J Stamper, Chair 

Invited Talk (30 Minutes) . 

GI Caviton nucleation in laser-produced plasmas and the ionsphere; 
HA Rose, B Bezzerides, D F DuBois, and D Russell 

G Oral Session - Beam Smoothing and Filamentation 

(15 Minutes Each) 

Gl 

G2 

G3 

Absorption in high-Z targets illuminated with 527 nm laser light at high intensity 
using Induced Spatial Incoherence; 
JD Simpson, E F Gabl, R A Bosch, B H Failor, J M Stiegman, J L Thornburg, and 

G G Ganger 

Improvements to energy and power balance on Omega; 
R L Keck, W D Seka, S Letzring, S Morse, and J M Soures 
Energy, power balance, and irradiation uniformity on Omega; 
W Seka, R L Keck, S Letzring, S Morse, and J M Soures 
Anticipated improvement in laser beam uniformity using distributed phase plates with 
quasi-random patterns; 
R Epstein and S Skupsky 
Improved laser-beam uniformity using the angular dispersion of frequency-modulated 
light; 
S Skupsky, R W Short, T Kessler, R S Craxton, S Letzring, and J M Soures 
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G6 A nonlinear theory of the modulational instability; 
W Rozmus, and P P Goldstein 

G 7 The filamentation of two counterpropagating waves; 
G G Luther, C J McKinstrie, and R W Short 

GS Power quantization and flux-limited filaments in the static limit; 
HA Rose, D F DuBois, and D R·ussell 

G9 Filamentation and refraction; 
EA Williams 

G 10 Enhanced laser penetration and self-focusing in large scale underdense plasmas; 
E M Epperlein 

Thursday Evening, 7:30 PM, June 22 - S Craxton, Chair 

Review Discussion 

HR A discussion of the issue of intensity structure in laser beams; 
W L Kruer 

H Mixed Poster Session 

Hl A study of the effects of numerical damping on SATIN simulations of stimulated 
Raman scattering; 
L V Powers 

H2 1-D non linear SRS/SBS behaviour with Langmuir and sound wave coupling (in in
homogeneous plasma); 
G Bonnaud, D Pesme, and R Pellat 

H3 Backward and forward Raman scattering in long preformed plasmas; 
F Amiranoff, C Labaune, C Rousseaux, and G Matthieussent 

H4 Further experimental study of filamentation in laser-produced plasmas; 
P E Young, HA Baldis, E M Campbell, K G Estabrook 

H5 Investigation of flicker via a simple analytical model; 
S V Coggeshall, R D Jones, and W C Mead 

H6 "Shine-through:" early-time phenomena in laser fu.sion targets; 
T Boehly, D Bradley, and J Delettrez 

H7 Effects of jetting instabilities on ablation of high-Z disks: the role of radiation cooling 
instability; 
W B Fechner and N D Delamater 

HS Plasma blowoff from low-Z/high-Z composite disks; 
D Ress and L .Suter 

H9 Modeling and physical study of confined laser-matter interaction; 
J Virmont, D Devaux, R Fabbro, and J Fournier 

HlO Beam-plasma instabilities in a dense helium plasma focus; 
F Begay and I Lindemuth 1

Hll 2-D simulations of frequency upshifting of EM radiation using a suddenly created 
plasma; 
S C Wilks, J M Dawson, C Joshi, W B Mori, and A Banos 

H12 Relativistic wave particle interaction; 
R Williams, CE Clayton, C Joshi, T Katsouleas, and W B Mori 
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H13 The generation of tunable radiation using a relativistic ionization front; W B Mori 
H14 Ionization balance studies in 20 ps laser-produced aluminum plasmas; R L Shepherd, D Matthews, C Keane, D Elder, J Kennedy, T Phillips, A Osterheld, R Stewart, G Charatis, G Busch, B Bosch, and E Gabl 
H15 Picosecond laser generation of harmonics and fluorescence in noble gases; C C Gomez and R M Sinclair 
H16 Frequency shifts of picosecond laser pulses in high density plasmas; 

0 L Landen, D G Stearns, and EM Campbell 
Hl 7 Laser matter interaction with a 1 ps laser pulse; J C Kieffer, P Audebert, M Chaker, JP Matte; H Pepin, P Maine, D Strichland, P Bado, and G Mourou 
H18 Effect of spin on the electron-ion scattering and heating rate of a plasma in a very 

intense laser field; SRashid 
. Friday Morning, 8:30 AM, June 23 - R Epstein, Chair

Invited Talk (30 minutes) 

II Recent progress of beam-plasma interaction experiments with heavy ion beams; DH H Hoffmann 
l Oral Sessions - Heavy Ions, Beat Waves and Miscellaneous

(15 Minutes Each)

I1 Study of preheat by time resolved XUV imaging of laser illuminated thin foils;R Benattar and V Malka
12 Singular value decomposition applied to a plasma diagnostic;

J F McGrath
I3 1-D and 2-D Fokker-Planck simulations of early-time energy dep�sition and transport

in laser-plasma experiments; G J Rickard , iR G Williams , and A R Bell
14 Effect of laser beam hotspots on parametrc instabilities in non-uniform plasmas; R L Berger
I5 Ion acoustic decay instabilities in laser-produced plasma;K  Mizuno, P E Young, W Seka, R Bahr, JS DeGroot, R  P Drake, and K G Estabrook 
rn-Dbservations on the plasma wave excited by the laser beat-wave;

AR Bell
I<J P Gibbon 

7 

A E Dangor, AK L Dymoke-Bradshaw, A E Dyson, P Gibbon, and SJ Karttunen
17 Modulational instability in the lC/RAL beat-wave experiment;

18 Focussing on light waves in beat wave accelerators;

Test particle dynamics in beat wave excited plasma waves;
P Gibbon 
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D M Villeneuve, H A Baldis and J E Bernard 

National Research Council of Canada 

Ottawa Canada 

Even in idealized theoretical models of SRS, there is a gap between 
theory and experiment. Unfortunately in the real world there are factors 
which add another level of complexity to the problem. For example a 
number of laboratories have reported an interaction between otherwise 
distinct instabilities. 

In an experiment at NRC, a strong competition between SRS and 

SBS was observed. By intentionally seeding SBS ion waves, it was possi
ble to totally eliminate the SRS. 

In thin foil experiments at Livermore, SBS and SRS appeared to be 
anticorrelated in the Raman gap. 

A considerable amount of theoretical work has been done in an ef
fort to understand the interaction between these instabilities, at LANL, 
UCLA, Wales, Limeil, Alberta and KMS. Some of these models give re
markably good agreement with experimental observations. 

Competition between SRS and SBS 

Invited Talk (30. minutes) 

Al 



ORAL SESSION A 

R. Berger, Chair

Stimulated Raman Scattering 

AASEPA 



19th Annual Anomalous Absorption Conference
Durango, Colorado 
19-23 June 1989

STIMULATED RAMAN SCATTERING IN THE CAUSTIC 

ILLUMINATION SHEATH SURROUNDING 

A LASER FUSION TARGET 

R. W. Short 

LABORATORY FOR LASER ENERGETICS 

University of Rochester 
250 East River Road 

Rochester, NY 14623 

Abstract 

When a spherical laser fusion target corona is illuminated by a laser beam, the turning 

points of the light rays form a caustic surf ace around the target, extending from critical 

density into the underdense corona. Near this surface the light intensity (and hence the 

ponderomotive potential) has a local maximum, due to the Airy swelling of the 

electromagnetic wave near its turning point, and so the density has a local minimum. The 

caustic surface is nearly perpendicular to the density gradient over much of its area, so that 

the effective density scale length along the surface is large. The surface is also 

approximately perpendicular to the plasma flow velocity, which is nearly sonic relative to 

the surface, enhancing the density minimum due to the ponderomotive potential. Thus we 

have a sheath surrounding the target in which the light intensity is high, with a long 

effective scale length for waves propagating parallel to the surface, and which contains a 

local density minimum which can trap plasma waves and light waves near their turning 

point. It may thus act much like a self-focused filament in terms of its potential for 

enhancing stimulated Raman Scattering (SRS). The size and depth of the density trough 

and the light intensity therein will be estimated, and the likely effect on SRS discussed. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 

for Laser Energetics." 
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19th Annual Anomalous Absorption Conference
Durango, Colorado 
19-23 June 1989

NUMERICAL STUDIES OF X-RAY EMISSION 

BY FAST ELECTRON PULSES 

A. Simon

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

A characteristic signature of the presence of fast electrons in a plasma is the emission 

of hard x-rays. Spectral analysis of the continuum x rays can be used to infer the velocity 

distribution and number of fast electrons 1 , assuming the electrons have an isotropic 

distribution of velocities and suffer classical slowing down. When the velocities are not 

isotropic, procedures such as those in Ref. 1 fail, and one must tum to more detailed 

analysis. We have constructed a computer program to do this, starting from the Weinstock2 

integration of the Sommerfeld3 dipole matrix elements for a single electron collision with an 

atom. 

Rice and Chamberlain,4 have reported use of such a program to interpret x ray data 

obtained during lower-hybrid RF heating of the Alcator-C tokamak. They found that a non

isotropic electron distribution, such as would be predicted by quasi-linear diffusion in a 

limited and directed velocity range, fit their data better. 

We apply our program to study the consequences of various fast electron pulse 

models of Raman scatterings. Some results will be shown. 

1. K.A. Brueckner, Nuclear Fusion, 11, 1257 (1977).
2. R. Weinstock, Phys. Rev,. fil, 584 (1942).
3. A. Sommerfeld, Ann. d. Physik, 11, 257 (1931).
4. J.E. Rice and K.L. Chamberlain, Phys. Rev. A,�' 1461 (1988).
5. A. Simon and R.W. Short, Phys. Rev. Lett., 51, 1912 (1984); A. Simon, W. Seka,

1 .. M. Goldman, and R.W. Short, Phys. of Fluids, 2..2., 1704 (1986).

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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19th Anomalous Absorption Conference, Durango, Colorado 1989 

Backward and Forward Raman Scattering in long 
preformed plasmas . 

F. Amiranoff, C. Labaune, C. Rousseaux, G. Matthieussent*

L.U.L.I Ecole Polytechnique 91128 Palaiseau Cedex France
*Laboratoire P.G.P. Universite Paris XI 91405 Orsay Cedex France
Equipes associees au Centre National de la Recherche Scientifique

The scattering of. high intensity laser beam in long and 
homogeneous underdense plasmas through Brillouin and Raman 
processes can be a problem for future thermonuclear targets. It can lead 
to the reflection of laser light and . to the production of high energy 
electrons. 

A long uniform underdense plasma is created by irradiation of a 
thin plastic foil (A= 0,53 µm, 't = 500 ps, I = 1013 W/cm2), the first laser 
beam is focused along a 2 mm long line. The main laser beam 
( A = 0,53 µm, 't = 500 ps, I ~ 10  l 5 W /cm2 ), with an adjustable delay 
interacts along this preformed plasma. We present time resolved spectra 
of Brillouin backscattering, forward and backward Raman scattering. 
Diode signals are analysed to give a measurement of the amount of 
scattering for each process. This amount of scattering is compared to the 
one obtained on imploded foils. 
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STUDIES OF COLLAPSE IN TWO-FLUID PLASMAS 

J. P. Sheerin 
KMS Fusion, Inc. 

Ann Arbor, MI 48106-1567 

We have described Langmuir collapse at moderate to high amplitudes using 

full two-fluid theory. 1,2 Simulations demonstrate the onset of the modulational

instability and the formation of solitons at small amplitudes (W = I El 2/4nnT < < I) in 

one dimension. In two dimensions, solitons are subject to collapse, followed by 

burn-out and nucleation events. For moderate amplitudes, the range of wavenumbers 

over which these dynamics occur is relatively small (called a "narrow inertial 

range"). Large-amplitude nonlinear ion waves accompany collapse. For high 

intensities (W > > l), nonlinear, aperiodic waves grow rapidly to the point of 

wavebreaking. 

I. J. P. Sheerin, D. R. Nicholson, and G. L. Payne,
B.A.P.S. 31, 1446(1986).

2. J. P. Sheerin, M-M. Shen, D. R. Nicholson, and G. L. Payne,
(to be published)_.
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ABSOLUTE SRS FROM DENSITY CAVITIES 

H.C.Barr, T.J.M.Boyd, and A.P.Mackwood

University of Wales, UCNW, Bangor, Wales, UK 

Drake et. al. 1 recently presented evidence that SRS is an absolute 

instability and in a reply2 to a comment by Tarvin and Berger3 suggested 

that a monotonic density profile upon which sits a localised density 

maximum/cavity might explain their data. Absolute SRS in a linear density 

ramp and from a density maximum have been discussed elsewhere4
. When 

significant trapping of the plasma waves in a density cavity occurs SRS is 

qualitatively different from scattering from a density maximum (both are 

described by the same WKB model when the cavity is shallow). Ignoring 

damping total trapping of plasma wave energy reduces thresholds to zero. At 

densities of, say, 0.ln plasma waves participating in forward scattering 
C 

from a density minimum require a cavity only a few per cent of 0.ln to be 
C 

totally trapped (a backscattering plasma wave requires a much deeper 

cavity). Such totally trapped plasma waves would result in forward 

scattering becoming absolutely unstable and having low (if not zero) 

thresholds since they are weakly damped. If cavities exist then forward 

scattering·may have the lower thresholds (although more weakly driven). 

In the scenario mentioned by Drake et. al�, the situation is more 

complex: it is a combination of the feedback loops which exist for the 

linear density ramp, the density maximum and the density cavity. We shall 

present results for cavities as well as for this more complex profile. 

1 R.P.Drake, et.al., Phys.Rev.Lktt.60, 1018(1988) 

2 R.P.Drake, et.al., Phys.Rev.Lett.§.1,2387(1988) 

3J.A.Tarvin and R.L.Berger, Phys.Rev.Lett.§.1(1988) 

4 H.C.Barr, T.J.M.Boyd, and G.A.Coutts, Phys.Rev.Lett.60, 1950(1988);

H.C.Barr, T.J.M.Boyd, and A.P.Mackwood, Phys.Fluids B (to be published)
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Simultaneous Experimental Investigation 

of the Stimulated Raman Scattering and 
* 

the Two Plasmon Decay Instabilities 

J. Meyer and Y. Zhu

University of British Columbia 

We have carried out an experimental study of both the absolute stiumulated 

Raman scattering (SRS) and the two plasmon decay (TPD) instabilities in a 

CO
2

-laser irradiated plasma using Thomson scattering of probe ruby laser 

light. In these experiments unstable electron plasma waves (epw) are probed 

in k (//k
0

) - k (//Ee ) - space along a line extending from (k ,O) to 
X y Oz 0 

(3k ,2k ), Spatial evolution in the density gradient as well as wave vector 
0 0 

and frequency spectra of the epw's are measured. According to conventional 

theory one would expect for our conditions to observe epw's arising from SRS 

around (k ,O) and at k > 2k , k > k where TPD is above threshold, with the 
0 X O y 0 

two regions separated by a gap. In contrast we observe simultaneous 

excitation of plasma waves extending continuously from the SRS to the TPD 

region. We interpret our results based on the speculation that SRS and TPD 

are just branches of the same instability indicating that at least for certain 

k-space regions a more complete theory is needed for the calculation of

correct thresholds and growth rates.

* Supported by the Natural Sciences and Engineering Research Council, Canada
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Collisional and Landau damping can compete to 
produce narrow Raman scattered spectra 

R. P. Drake, E. A. Williams, P. E. Young, 
Kent Estabrook, and W. L. Kruer 

Lawrence Livermore National Laboratory 
P.O. Box 808 MIS L-473 

Livermore, California 94550 

H. A. Baldis 
National Research Council 
Ottawa, Canada K1AOR6 

T. W. Johnston 
LINRS-Energie, Varennes 
Quebec, Canada JOL2PO 

ABSTRACT 

Stimulated Raman Scattering (SAS) is a three-wave, parametric 

instability with important potential adverse effects on laser fusion. One topic of 

current research is the structure of the spectrum of the scattered light. We will 

show that narrow Raman spectra can be produced when the collisional 

damping rate becomes comparable to the homogeneous growth rate for SAS. 

Landau damping limits the SAS spectrum at long wavelength, and collisional 

damping and absorption can limit the spectrum at long wavelength, through the 

variation of the damping rate with plasma density. Data will be shown to 

demonstrate this effect, from experiments in which constant-intensity pulses of 

0.35 µm laser light irradiated 3 µm thick CH targets at intensities < 2 x 1014 

W/cm2. The observed spectra have a peak wavelength, spectral width, spectral 

shape, and time dependence that are consistent with the anticipated effects of 

damping. In addition, the emission from the plasma is measured to be near 

thermal levels at heavily damped frequencies. 

• Work performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract number W-7405-ENG-48.
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Two color experiments using the Nova laser 

P. E. Young, H. A. Baldisa), D. S. Monthomery, B. A.Remington,,
K. G. Estabrook

Lawrence Livermore National Laboratory, USA 

Abstract 

We will present results of a recent experiment using the Nova laser in
which a green laser beam (,\0 = 0.53 µm) interacts with a plasma pre-formed
using a shorter wavelength beam ( ,,\0 = 0.35 µm). The uv beam irradiates
a thin CH foil which burns through prior to the end of the laser pulse. The
green beam is delayed in time relative to the uv beam and interacts with
a plasma in which the peak plasma density remains above nc /4 and below
nc for times long compared to the temporal resolution of the diagnostics.
We have simultaneously temporally and spectrally resolved SBS, SRS and
3w0 /2 emission from the plasma and find that there is a correlation between
the disappearance of nc/4 (when the 3w0 /2 signal drops in intensity) and
when the SBS signal drops in intensity. The density decay inferred from the
SRS spectrum is consistent with our understanding of the plasma evolution.
*Work performed under the auspices of the U. S. Department of Energy 
by the Lawrence Livermore National Laboratory under contract number
W-7405-ENG-48.
a) National ReJearch Council of Canada, Ottawa, Ontario, Canada
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Investigation of (3/2) w Emission and Two Plasmon Decay Waves in an 
0 * 

Underdense co
2 

- Laser Irradiated Plasma.

J. Meyer and Y. Zhu

University of British Columbia 

The angular and spectral distribution of (3/2)w light emitted from 

a CO
2

-laser irradiated underdense plasma has been measured. The results are 

interpreted with help of Thomson scattering measurements of two plasmon decay 

plasma wave i-spectra and theoretical predictions based on the process in 

which pump photons are scattered off two plasmon decay plasmons. If pump, 

(3/2)w photon, and decay plasmon satisfy their wave vector matching 

condition, then the spectra provide a good temperature diagnostics. Spectra 

of light scattered off plasmons having propagated up or down the density 

gradient are severely broadened. 

* Supported by the Natural Sciences and Engineering Research Council, Canada
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Special Review Talk 

Review of the Current Sta.tus of Cold Fusion 

J. Rafelski
Departtnent of Physics, University of Arizona., Tucson 

The two monthe of in.tensive activity Collowing the announcement of cold 
fusion has resulted in a proliforation of ideas and experiments designed to 
explain and verify the phenomenon. Following the first major work$hop 
devoted to Cold Fusion, held in Santa. Fe, New Mexico on May 23-25 1 the 
situation ren1ains confused, although it is possible to draw a few prelimi
nary conclusions. Firstly, the observation of neutrons originally announced 
by Jones et al has been confirmed by experiments performed a.t Texas A&M, 
Los Alamos and Grand Sasso. These experiments also appear to support 
the observation of neutron 'bursts' reported some time before from Frascati. 
However, there .. re also a. number experiment.a reporting negative results, 
a.nd until a. consensus ha.a been reached we cannot safely judge the presence 
of neutrons to be entirely secure. The lecture will in particular empha
size the experimental and theoretical developments which have occurred in 
this now rather wclJ established direction of cold fusion. With regard to 
the observation. of hea.t reported by Fleischmann and Pons, it was shown 
that the radiation measurements they performed are incorrect and therefore 
void. However, since two other very careful heat experiments at Stanford 
and Texas A&M universities seem to confirm the excess heat. In particular, 
the Stanford group lead by Huggius now claims to have rea.<".hed the point 
where the amount of heat output exceeds that of the entire power input, so 
that recombination or gases cannot be the source of an erroneous observa
tion of heat. The Texas A&M experiments reported by Appleby have been 
performed using mictoca.lorimetry in which power levels of up to l µW can 
be me88Ured, very tnuch smaller than levels observed. In addition, it was 
reported that when Lithium WcJB replaced by Sodium in the electrolyte, the 
heat output vanished. This intriguing observation is now being tested with 
i1:1otopica.l1y pure Lithium. Aa for experiments looking for reaction products, 
a. significant level of tritium was reported from the Texas A&M neutron ex
periment, at levels ia.r greater than the observed number of neutrons but far
less than that required for the production of observable levels of heat. No
significant levels of sue or 4He have been found. This leaves the theoretical
explanation of the cold fusion phenomenon more confused than ever, and it
may well be that there are many different cold fusion mechanisms in opera
tion, each with a different signature and sensitivity to the conditions under
which the experiment is performed.
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THE RELATIVISTIC MODULATIONAL INSTABILITY 

OF LIGHT WAVES IN RAREFIED PLASMA 

C.J. McKinstrie

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

The relativistic modulational instability of copropagating light waves is studied. In a 

rarefied plasma there are additional contributions to the nonlinear current which always 

suppress the one-wave instability.1,2 Depending on the laser beat-frequency, the two-wave 

instability3 can either exist with a reduced growth rate or be completely suppressed. For 

two light waves in a beat-wave accelerator the instability does exist, with detrimental 

consequences for high-energy particle acceleration 

1. A.L. Berkhoer and V.E. Zakharov, Sov. Phys. JETP 31, 486 (1970).
2. C.E. Max. J. Arons and A.B. Langdon, Phys. Rev. Lett. 33, 209 (1974).
3. C.J. McKinstrie and R. Bingham, Phys. Fluids B 1, 230 (1989).

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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EXCITATION OF STRONG LANGMUIR TURBULENCE 
IN PLASMAS NEAR CRITICAL DENSITY: 

APPLICATION-TO HF HEATING OF THE IONOSPHERE 

By 

D. F. DuBois, Harvey A. Rose and David Russell
Los Alamos National Laboratory 

Los Alamos, NM 87545 

ABSTRACT 

Results are presented of an extensive study of strong Langmuir turbulence 
(SLT) in plasmas excited near the critical density by intense coherent radiation 
beams. The nominal parameters for HF heating experiments imply that the 
ionospheric plasma is in such a state. A large body of experimental data exists, 
particularly from incoherent scatter radar (ISR) measurements of HF enhanced 
fluctuation levels. Long time simulations of Zakharov's model of SLT and related 
theoretical arguments have led to new conclusions and insights : 1.) Linear 
parametric instabilities may play a role only during the first few ms after heater 
turn-on in a quiescent ionosphere, but there is also the possibility of ,.direct 
nucleation" of cavitons in preexisting density fluctuations. 2.) The instabilities 
lead to Langmuir collapse. 3.) The turbulence is sustained by nucleation of trapped 
electric fields in burnt-out density cavities from previous collapses. 4.) The 
nucleation-collapse-burnout scenario explains several features of the observed ISR 
plasma line power spectra in early-time, low duty cycle experiments and predicts 
new features. 5.) ISR spectra obtained at early times in low-duty cycle heating 
experiments are consistent with the spectra of correlated caviton events. 6.) These 
spectra contain a ,.free mode" peak which is due to the radiation of free Langmuir 
waves by collapsing cavitons; this peak has recently been observed. 7 .) Sharp 
spectral peaks observed in strong spectra in longer time, high duty cycle or CW 
heating must arise in the SLT model from spatio-temporal caviton correlations: 
strong temporal correlations have recently been observed in single radar pulse 
plasma line power time series. 8.) Correlation models can explain all the sharp 
features including the decay line, the cascade, the narrow OTSI line and the anti
Stokes line; these models do not involve parametric instabilities. 9.) The turbulent 
spectrum is much more isotropic relative to the geomagnetic field than weak 
turbulence predictions. 10.) The altitude dependence of the plasma line is consistent 
with observation without postulating large-scale density modifications. 11.) The 
nonlinear absorption rate of heater energy is much larger than collisional 
absorption, the absorbed energy going mainly into suprathermal electrons. 12.) 
Caviton correlations are greatly enhanced in overdense domains where the local 
plasma frequency exceeds the heater frequency. 
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E:t":t"ect of' optical. smoothing on l.a.ser

ma.tter interaction 

P.A.HOLSTEIN, J.L.BOCHER, D.DESENNE, D.GALMICHE, F.MUCCHIELLI. 

C.E.A LIMEIL 

94195 Villeneuve St Georges Cedex FRANCE 

The uniformity of the laser energy deposition is a key point for the laser

matter interaction. We have tried to assess the effects of two different 

methods used to smooth the laser non-uniformities with respect to the 

standard laser irradiation: the smoothing by Random Phase Plate (RPP) and 

the smoothing with a optical fiber oscillator (OFO) /1/. 

Let us recall the basic principle of the last method which has been studied 

in Limeil: at the output of a broad band • oscillator the beam is focused on 

a 50m-long fiber optics; each beamlet has a different angle with respect to 

the fiber axis, so the optical path is different and each beamlet is delayed 

by more than the coherence time of the laser. At the fiber output the beam 

propagates through a serie of classical amplifiers up to 80mm in diameter. 

Two diagnostics have been used to estimate the smoothing: 

-the ablation depth on gold measured by X-ray spectroscopy on bilayer_ 

foil Al/ Au. 

-the X-ray conversion efficiency measured by a multichannel device.

The measurements have been done at 1.06µm and 0.53µm. At 1.06um the 

irradiance is in ·the range 1013-3.1013W/cm2; the ablation depth is 

unchanged with the OFO or with a RPP with respect to the standard laser 

beam. This measurement seems to be in disagreement with our FCI ID code 

simulation. On the other hand the X-ray conversion is lightly improved by 

using the OFO. For 0.53µm laser the experiment is now in progress . 

/1/ D.VERON, ... Optics com. 65 (1988) p42 
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The Role of Induced Spatial Incoherence on 

Stimulated Raman Scattering* 

P. N. Guzdar, W .  Tan, Y. C. Lee, and C. S. Liu 

University of Maryland 

Laboratory for Plasma Research 

College Park, MD 207 42 

R. Lehmberg

U.S. Naval Research Laboratory 

Washington, DC 20375 

In an earlier study(l) we had used a model for the pump laser light, that 
displayed the effects of LS.I., to study Stimulated Raman Scattering. We 
continue these investigations over a wider range of parameters. The three 
parameters in our problem are 10 the homogeneous growth rate (related to 
the intensity), the bandwidth �w and the time delay td between the echelons. 
A systematic dependence of the instability growth on these parameters will 
be presented. 

(1) The Effect of LS.I. on Stimulated Raman Scattering, by P. N. Guzdar,
W. Tan, Y. C. Lee, C. S. Liu and R. Lehmberg, presented at the 18th Annual
Anomalous Absorption Conference, L'Esterel, Quebec, June 27-July 1, 1988.
*Work supported by the Office of Naval Research, Contract No. N00014-89-
K-2013.

Poster 
Requested 
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Effects of Induced Spatial Incoherence on Xray Conversion 

R.A. Bosch, E.F. Gabl, J.D. Simpson, B.H. Failor, J.M. Stiegman, 

J.L. Thornburg, G.G. Ganger

KMS Fusion, Inc. 

P.O. Box 1567 

Ann Arbor, MI 48106 

Laser pulses with induced spatial incoherence (ISI) were produced 

by passing wideband (10 Angstrom) pulses through a l0xl0 

transmission echelon. Similar pulses without ISI were produced 

by passing narrowband (0.1 Angstrom) pulses through the echelon. 

Laser spots of 120 µm diameter and peak intensities of ~5x1014 

W/cm2 at A=.526µm were obtained. Absorption of the incident

laser light by 170 µm gold disk targets was increased by 5- 10% 

with ISI. Soft xray conversion (E<800eV) was measured with 170 

µm gold disk targets and "burn-through" targets consisting of a 

0.5 µm aluminum layer on silicon. For both types of target, the 

difference in soft xray conversion efficiency resulting from ISI 

was smaller than the data scatter and experimental uncertainty of 

This work was supported by the U.S. Department of Energy. 
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X-ray emission from laser produced plasmas:

effect of pulse shape and duration 

I. Toubhans, R. Fabbro

Laboratoire pour !'Utilisation des Lasers Intenses 

Ecole Polytechnique, 91128, Palaiseau, Cedex (France) 

J.C. Gauthier,

Laboratoire de Physique des Milieux ionises 

Ecole Polytechnique, 91128, Palaiseau, Cedex (France) 

M. Chaker, H. Pepin

Institut National de la Recherche Scientifique - Energie 

P.O. Box 1020, Varennes, Quebec (Canada) 

The use of laser-produced • plasmas as extremely bright sources of soft 

X-ray radiation in research and industry applications has been demonstrated

in the past few years. These plasmas can provide useful X-ray radiation

from 0.1 keV to 5 keV with very small (== 100 µm) source size. Sub-keV emis

sion is potentially relevant to X-ray· microscopy and biological analysis in

the "water-window". KeV emission is more appropriate for X-ray microlitho

graphy.

In this paper, we have studied both experimentally and theoretically 

the different factors affecting the X-ray spectra in order to optimize them 

for a given application. The following aspects have been investigated: 

laser wavelength and intensity, pulse duration, influence of the pulse shape 

and of the focal spot diameter. An X-ray multichannel and a transmission 

grating spectrometer have been used in the experiments. The theoretical 

study has been made using a simple hydrogenic - modified Saha equilibrium -

model for X-ray emission (XSOURCE) and more complex hydrodynamic calcula

tions with a code incorporating photon transport physics (X-RAD). The expe

rimental and theoretical results clearly show the range of laser parameters 

which optimize the conversion efficiency in a given spectral region. 
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Stochastic Behavior of Resonant Absorption in the microwave range 

B. Cros, J. Godiot, G. Matthieussent, A. Heron

Laboratoire P.G.P. Universite Paris XI 91405 Orsay France 

Centre de Physique Theorique Ecole Polytechnique 91128 Palaiseau France 

Equipes associees au Centre National de la Recherche Scientifique 

Resonant absorption of an electromagnetic wave (f = 3.5 GHz) 

in a multipolar discharge (ne� 1011cm-3) with an adjustable density

gradient exhibits a stochastic behavior when the pump field or the 

gradient length is increased. 

Experimental results are compared to those of a 1D numerical 

simulation of the Zakharov equations. Though the parameters of the 

simulation are not strictly equal to those of the experiment, an 

agreement is obtained between results concerning the transition from the 

usual linear regime towards stochasticity: value of the nonlinear 

parameter for which it appears, amplitude of the density perturbation. 
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Bistability and Chaos in Beat Wave - Plasma Interaction 

W.P. Leemans, C. Joshi, and C. E. Clayton ,UCLA 

The equation of motion for a relativistic Lagrangian electron fluid element in 
the presence of an ion ripple is being studied analytically and numerically. 
When the plasma density is varied in time, it is observed that the relativistic 
mass increase of the plasma electrons gives rise to bistability and hysteresis 
around !::.<Jl = 2<Jlp and !::.<Jl=<Jlp, but no period doubling . The ion ripple however 
changes the restoring force acting upon the electron fluid element . 
Depending on the ripple size, this results in an additionally incomplete 
period doubling cascade or a universal period doubling route to chaos. 
This work is supported by the Department of Energy under contract 
no. DE-AS03-83-ER40120 and Grant no. DE-FG03-87-ER137S2. 
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A Self-consistent Wave .. Kinetic 

Formulation of Wave-Plasma Interactions 

E. R. Tracy, A.H. Boozer and A. J. Neil 
Physics Department 

College of William and Mary 
Williamsburg, VA 23185 

It is well known (1,2) that the ray equations of geometric optics are 
Hamiltonian in form with the dispersion relation, (I)= n(x,t,k), playing the role of 
the Hamiltonian and (x,k) the roles of conjugate position and momentum variables: 

(Here d/ dt signifies the total derivative following the ray trajectory.) A wave packet 

moves like a classical particle in an external potential given by n. Because of this 
special property it is possible to formulate the wave propagation problem (in cases 
where the assumptions of geometric optics are valid) as a kinetic theory for a gas of 
quasiparticles [3]. 

By deriving the relevant equations of motion from an action principle it is 
possible to self-consistently couple waves to the plasma. This leads to a 
straightforward derivation of ponderomotive effects from a knowlege of the linear 
response characteristics ,of the medium [4]. 

Here we present an action principle which emphasizes the particle-like 
nature of ray propagation. This leads directly to a kinetic equation for the waves and 
a modified fluid equation for the plasma [5]. As a concrete example we then study 
the ponderomotive filamentation instability of an intense laser beam in a plasma. 

Further generalizations and a discussion of numerical applications will also 
be presented. 

1] I. B. Bernstein, Phys. Fluids, 18(1975)320.
2] S. McDonald, Phys. Rep., 158(1988)337.
3) A. Bers, in Plasma Physics, ed. by C. DeWitt and J. Peyraud, (Gordon and Breach
Science Publishers, New York, 1975), 113.
4] Allan N. Kaufman, Phys. Rev. A, 36, (1987)982.
5] E. R. Tracy and A.H. Boozer, submitted to Physics Letters.
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ABSOLUTE SRS FROM A RIPPLED DENSITY RAMP 

H.C.Barr, T.J.M.Boyd, and A.P.Mackwood

University of Wales, UCNW, Bangor, Wales, UK 

A variety of density structures have been suggested to explain the 

discrepancy between SRS-C theory and observations which typically see 

backscattering thresholds an order of magnitude lower than this theory 

predicts. One such is a density ramp which has been modulated by, for 

example, ion waves generated by stimulated Brillouin scattering. 

We show that such a rippled profile can both aid and deter absolute 

SRS. If absolute SRS is already possibie due to an existing feedback loop, 

then the modulation can interfere with the fine phase relationships 

necessary to sustain it, thereby inhibiting the temporal growth. On the 

other hand, if absolute growth is not already sustainable, the ripple can 

provide the necessary feedback (mainly plasma wave reflections by the 

density ripples) to permit temporal growth. 

For example, we have solved the full-wave Raman equations for a linear 

density ramp upon which is superposed a modulation, of wavenumber 2k
0 

and 

constant local amplitude. The maximum density is chosen to be underdense to 

forward scattered light. Broadly, in the absence of the ripple, only the 

lower scattered frequencies can sustain absolute growth. Then the influence 

of the ripple is to reduce the growth rates and raise thresholds. At the 

higher scattered frequencies, temporal growth becomes possible only in the 

presence of a ripple. A realistic profile of ion wave fluctuations, such as 

has been measured by Baldis et.al
1
., in which strong SBS is observed at the 

higher densities approaching n /4 would result in preferential SRS at lower 
C 

densities. This is without having to invoke ion dynamics. 

1 
H.A.Baldis, et.al., to be published. 
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Nonlinear Coupling of Scattering Instabilities in Laser Plasmas 

T. Kolber and W. Rozmus

Department of Physics

University of Alberta 

811 

A numerical simulation based on a one-dimensional fluid model is used to test the effect 

of Landau damping and various nonperiodic boundary conditions on stimulated Raman 

(SAS) and Brillouin (SBS) scattering. The model also contains the nonlinear coupling 

between ion acoustic and Langmuir waves described by the Zakharov equations. The 

results from the hydrodynamical model are compared to those obtained from a particle

in-cell simulation in order to elucidate the role of wave particle interaction in the nonlinear 

evolution of SAS and SBS. 



B12 

J 9th Anomalous Absorption Conference Durango (Colorado) 1989 June 19-23 

1-D non linear SRS/SBS behaviour with Langmuir and

sound wave coupling (in homogeneous plasma) 

G. Bonnaud, D. Pesmet

Commissariat a l'Energie Atomique, Centre d'Etudes de Limeil 
94195 Villeneuve st Georges Cedex, France 

R. Pellat

Centre de Physique Theorique, Ecole Polytechnique, 91128 Palaiseau Cedex, France 

The non-linear behaviour of stimulated Raman scattering (SRS) in an under quarter

critical homogeneous plasma has been numerically investigated; the 1-D numerical code 

(CHEOPS) is of wave-coupling type and does not make any space/time envelope 

approximation. As the main result, the ion acoustic wave generated either by the 

stimulated Brillouin scattering (SBS) or by the Decay instability of the SRS-driven 

electron plasma wave (EPW) causes the conversion of the EPW into a large wave-vector 

Bloch-mode. For experimental conditions corresponding to low values of the drive 

parameter IoA6 (lower value=1Q14 W µm2/cm2) and to several hundred eV for electron 

temperature, it is found that the subsequent SRS detuning and Landau damping induces a 

significant SRS-drop without any onset of the modulational instability and pumped 

langmuir collapse. 

Reference: l.H.A. Rose, D.F. DuBois, B. Bezzerides, Phys. Rev. Lett. 58, 2547 (1987) 

2.G. Bonnaud, State Doctorate Thesis, Paris XI University (1989 march)

t Permanent address: Centre de Physique Theorique, Ecole Polytechnique 
91128 Palaiseau Cedex, France 
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Electron Plaa•a Wave Brenking and Caviton For�ation* 

B.S. Bauer, L. Scurry, A.Y. Wong UCLA Dept. of Physics 

Cavitons created under cond!tJons of strong electron plas■a wave 
(EPW) fields are investigated. The cavltons are aade in the UCLA 
Saall Cav1ton Device (SCD), a cylindrical coaxi�l capacitor·plate 
plas■a experi•ent. A 200 HH� VHF burst is applied to a central rod 
in an azimuthally sy■■etric, but radially nonunifor•, un■agnetJzed 
plas•a. Large a•plitude BPW are exc1ted at a resonant she)], �here 
the local plas■a frequency ■atches the Incident oscillation 
frequency. Wave electric fields, ■easured wJth a diagnostic low 
density 10 keV electron bea■, grow to 100 ti■es the origtna1 pu•p 
field. The localized electrlc fields eject electrons fro• the 
resonant region, leaving a net positive spac� charge, which pushes 
out ions, This results in ion acoustic shock waves, and a 
cylindrical shell density d�pression, or "caviton", whose space-ti•e 
evolution (density, space potential, �nd electron te•perature) is 
■apped with a Lang�u1r probe, Fast electrons and ions produced by
the cavtton are seen with a gridded energy analyzer, and light
produced fro• neutral ato�s excited by the fast electrons is detected
with a photo■ult1plier tube.

The largest plas■a response is obtained when the resonahce ls ■oved 
to the top of a broad inverse parabolic profile. Electric f1eld 
energy densities W � Bi /4�nTe > 5000 are obtained, along with 
electrons of kinetic energy > 5000Te. The space potential at the 
resonant layer ju■ps by A¢> lOOTe. 

At these excitation levels, kinetic effects are j•portant, and fluid

■odels, such as the Zakharov equations, no longer adequately describe
the pheno■ena. One dt•ensional particle·in ·cell co■puter si■ulatioos
have been run, tailored to reflect the experj■ent as closely as
possible. The experi■entally deterained SCD density �nd teaperature
profiles are used; particles are lost when they hit the boundaries;
the plas■a is sllowed to be non-neutral: an antenna potential is put
on the left edge, a grounded wall on the right edge. Realistic ■ass
ratios have been used, .with the duration (nu�ber of puap cycles) of
the si•ulations co,parable to the length of the experi■e.nt, and
100,-000 to 900,000 particles. Quantities of theoretical Interest,
,uch as a•bipolar potential and ponderomotive force, are directly
calculated, to test the accuracy of the Zakharov equations, and other
for■ulations.

The si■ulations show the excited BPW become highly nonlinear 
(dn/n >> 1), ulti■ately breaking, and producing •any energetic 
particles. After repeated wave ·breaking the electron phase-space 
beco■es a ■any-layered •�nifold structure, replete with wave-breaking 
strea■ers and electron hole vortices. If thP. resonant layer is 
h1Rhly localized, the1 ions can have their velocity changed before 
they have ti•e to •ovP. apprectably, violentJy rupturing the ion 
phase-space. The highest pu■p power run, Wo • J, yielded peak 
resonant fields (before breaking) of W • 6500, and electron kinetic 
energies (after wave-breaking) in excess of JOO,OOOTe, 

The extent to which electron plas■ ft �ftY� breaking supple■ents the 
•ore �radual pondero■ot1ve force of the wave in ej�cting electrons
fro• the reeonant layer is consJd�red.

•work �upported by LLNL 8444105
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Spectroscopic Diagnosis of High Density Laser Imploded Capsules* 

C.J. Keane, L.J. Suter, R.W. Lee, R.E. Turner, J.D. Kilkenny,
P .M Bell, and R.S. Thoe 

Lawrence Livermore National Laboratory 

X-ray spectroscopy has been demonstrated to be a effective method for diagnosing 
conditions in laser imploded capsules.l In this paper, we discuss and summarize 
spectroscopic methods appropriate for diagnosis of the high density plasmas 
characteristic of these experiments. The discussion will be broken into two areas: 
line broadening and atomic kinetics.

Broadening of the beta lines of H-like and He-like Ar has been used as a time 
resolved diagnostic of fuel density in capsules imploded using the Nova laser. In 
these experiments, the time resolved Ar K-shell spectra from deuterium filled 
capsules seeded with a small fractioJ?. of Ar was monitored using a flat RAP 
crystal coupled to an x-ray streak camera. The resulting data clearly shows the 
Ar linewidths increasing in time as the implosion progresses. The electron 
density at any point in time is inferred by comparing the measured line profile to 
those computed by various line shape codes. As part of this work, we have 
performed comparisons of a number of line broadening codes in order to estimate
the reliability of this technique. Among these are several generalized codes2, 3

B14 

capable of computing line broadening from more complex emitters such as Li-like  
and Ne-like ions; spectral diagnostics of this type are of interest for use in future
higher density implosion experiments. 

We are also investigating the kinetics of H- and He-like Ar in these plasmas. 
Detailed modelling of the Ar spectra is underway to determine the feasibility of 
using spectral features such as satellite lines as a diagnostic of fuel conditions. 
Particular emphasis is being placed on developing high energy spectroscopic 
diagnostics in order to avoid future anticipated problems with capsule opacity. 

1. N.D. Delamater et al. , Phys. Rev. A fil., 2460 (1985), and references therein.
2. L.A. Woltz and C.F. Hooper, Jr., Phys. Rev. A ml, 4766 (1988).
3.Code supplied to LLNL by A. Calisti et al., Universite de Provence, France.

*Work performed 'under the auspices of the U.S. Department of Energy by the
Lawrence Livermore National Laboratory under contract W-7405-ENG-48.
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IMPLOSION EXPERIMENTS AT 0.26 µ111

E.FABRE0
; M.KOENIG0

, A.MICHARD0
, P.FE\\'S*

0 L.U.IJ.I. Ecole Polytechniquc
91128 Palaiseau Ccdex FRANCE

* Bristol University GREAT BRIT A IN

Direct drive implosion experiments at 0.26 �1 m laser 
wavclcn�th have been conducted on lar�c aspect ratio 
( 100 < R / A R<250) glass microballons. The six beams of the
lnscr,which can deliver 200 Joules at 4w on the targets, arc tan
gcntialy focused with f:1 optics in order to get reasonably good
i II umination. Th c major diagn ost.ics implcm en t ed • Ol1 the cham
ber ( n cut r on y i e Ids by sci n ti II at ors; ex p u rt i cl es y i cl d s, fu c I 
temperature and shell pA r determination by CR 39 foils;X ray
pinhole and streak camera photograph) al1ows us to study three
main topics: the implosion dynamic,the particle yields and the 
hydrodynamic e.fficicncy.Thc experimental results show that 
the imp Io s ion cl )1 1unn ic is in good a gr cc m c n t wit h 1- D s i m u I a • 
tions and indicate that the compression continues to the late
stage of implosion.However the part.iclc yields obtained arc 
much lower than those predicted by the code in spite of a 
rather good convergence ratio(6 < Ro/R r < 10).This phenomenon 
is probablJ' due to some shell.fuel mixing at the beginning of 
the implosion.Finally we show that the hydrodynamic 
efficiencies given dthcr by a thermal or kinetic determination 
lie between 7 o/c and 15 %.
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XUV and Soft X-ray Spectra from Picosecond Laser-Excited Plasmas* 

D. G. Stearns, 0. L. Landen, B. J. MacGowan and C. Keane

Lawrence Livermore National Laboratory 

P.O. Box 808 MIS L-473 

Livermore, California 94550 

Abstract 

High resolution XUV and soft x-ray spectra from a picosecond laser plasma 

irradiated by a second probe picosecond laser pulse are presented. Spectra are recorded for 

carbon, silicon, and gold targets between 35A and 1200A using a grazing incidence

spectrometer. The variations in the spectra measured as a function of probe intensity, 

polarization, and previously-inferred plasma density scale-length1 provide information on 

the charge states and temperatures reached by picosecond excitation. 

1.) O.L. Landen, D.G. Stearns and E. M. Campbell, "Measurement of the Expansion

of Picosecond Laser Plasmas using Resonance Absorption Spectroscopy" 

submitted to Phys. Rev. Lett. 

*Work performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract number W-7405-ENG-48.



LASER-PRODUCED PLASMAS IN MEDICINE* 

S.J. Gitomer & R.D. Jones 
Los Alamos National Laboratory 

Los Alamos NM 87545 USA 
and 

C.Howsare
Uniform Services University of the Health Sciences 

Bethesda MD 20814 USA 

The laser has found applications in medicine, beginning with uses in ophthalmology in 

the 1960's. Today, lasers find medical applications in tissue cutting, blood coagulation, pho

to-dynamic cancer therapy, arterial plaque removal, dentistry, etc. In this paper, we examine 

the characteristics of plasmas which are produced in laser medicine. In particular, we consid

er the examples of plasmas produced in laser-lithotripsy [1] (stone ablation and fragmenta

tion by dye lasers) and in ocular photodisruption (lens membrane destruction by Nd:YAG la

sers following cataract surgery). Our interest is in what aspects of these plasmas make 

them useful to these applications. Experimental data will be presented along with hydro

code simulations of the phenomena. We find that the simulations and experiments are in rel

atively good agreement with regard to plasma temperature, density, pressure, optical emis

sion and evolution of cavitation bubbles. The results of our ability to model emission and ab

sorption spectra, material removal and acoustic wave propagation will be reported as well. 

*Work performed under the auspices of the United States Department of Energy.

[1] S.J. Gitomer, R.D. Jones & C. Howsare, "One Dimensional & Two Dimensional Model

ing of Laser Ablation & Fragmentation of Human Calculi," SPIE Conference 1066 on Laser 

Surgery: Advanced Characterization, Therapeutics, and Systems, Los Angeles, CA 15-18 

January 1989. 
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Invited Talk (30 minutes) 

Recent ICF Progress at Osaka 

H. Takabe, Y. Kato, K. Mirna, and S. Nakai
Institute of Laser Engineering, 

Osaka University, Sui ta Osaka 565, JAPAN 

At Osaka, the laser driven implosion experiment is done with the Gekko XII 
laser system. Main efforts of the experiment are devoted to the direct drive 
scheme with uniform irradiation of 2w light and the indirect scheme with two 
bundled irradiation of 3w light. We have already achieved the highest neutron 
yield of 1013 at Ti � l0ke V by the use of gas-filled GMB target (LHART) [1]. The 
purpose of the present-day experiment is to demonstrate high density by 
imploding hollow-shell targets and provide the data base for the forthcoming 
ignition experiment by an up-graded system. 

The Gekko XII is a 12-beam system of 10 k Joule at 2w or 3w. The direct drive 
experiment consists of two programs, named "Super uniform" and "Foam 
cryogenic". The former program demonstrated high density compression by the 
use of CD-shell targets of 500-700 µm<l> and the thickness of 5-15 µm. The DT
equibalent pR value of 0.1 g/cm2 was achieved with improved uniformity by using 
the Random Phase Plate (RPP) [2]. With the RPP the achieved value of pR ha

D been improved by at most one-order-of magnitude compared to the case without 
it. The measured neutron yield is, however, still much lower (~10·3) than th
value predicted with 1-D code in which the nonlocal electron heat transport is 
self-consistently treated by solving the Fokker-Planck equation of the bulk 
electron. 

The effort of the second program is devoted mainly to the fabrication of wet 
foam targets with D2-liquid and studying basic physics such as interaction, 
preheating, etc. The implosion experiment was also performed to demonstrate 
neutron yields of almost the same level as the case for the CD-shell targets. 

The Indirect drive implosion is the third program. A senario of the implosion 
is decomposed into x-ray conversion from 3w light, x-ray confinement (its spectra) 
in a cavity, the amount of hard x-ray (M-shell x-ray from Au plasma), ablative 
implosion of target by soft x-ray and so on. The x-ray confinement in a gold cavity 
has been studied in the range of IL= 1012 

- 1015 W/cm2 at 0.35 µm and the so-called 
confinement parameter N [3] was evaluated. The burn-through of Al and Au foils 
attached on a window of Au cavity was measured to study the propagation of 
radiation heat wave. The x-ray spectra and its time-dependence are compared 
with the simulation for improving the non-LTE model of atomic state is high Z 
plasma. 

[1] H. Takabe et al. Phys. Fluids 31, 2884 (1988).
[2] Y. Kato et al. Phys. Rev. Lett. 53, 1057 (1984).
[3] R. Sigel et al. Phys. Rev. A 38, 5779 (1988).
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19th ANOMALOUS ABSORPTION CONFERENCE 

K-SHELL PHOTOABSORPTION EDGE SPECTROSCOPY IN A DENSE PLASMA

* # 
A.Ng, L. DaSilva, B.K. Godwal , G. Chiu, F. Cottet

Physics Department, University of British Columbia, Canada

M.C. Richardson, P.A. Jaanimagi

Laboratory for Laser Energetics, University of Rochester, U.S.A. 

Y.T. Lee 

Lawrence Livermore National Laboratory, University of California, 

u.s.A.

An overview will be presented on our study of K-shell photoabsorption edge 

spectroscopy as a probe for dense plasma effects. In the experiment, aluminum 

plasmas compressed to two-fold solid density were produced by laser-driven 

shock waves. Temporally resolved measurements of x-ray absorption spectra 

revealed red-shifts in the aluminum K-edge as the shock pressure was varied 

during the laser pulse. To understand dense plasma effects on the binding 

energy of inner-shell electrons, a semi-phenomenological model was developed 

in which degeneracy and continuum lowering contributions due to free electrons 

and neighbouring ions were treated as perturbations on the continuum and bound 

state ·and evaluated using first-principle solid state methods. Hydrodynamic 

simulations incorporating this model yielded good qualitative agreement with 

experimental observations. 

* Bhaba Atomic Researach Centre, Bombay, India.

# Universite de Poitiers, Poitiers Cedex, France.
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RECENT SOFT X•RAY LASER STUDIES AT NRL • 

E.A. McLean, T.N. Lee, J.A. Stamper, H.R. Griem. and C.K. Manka 

Plasma Physics Division 
Naval Research Laboratory 

Washmgto:u. DC 20875-5000 

Electron collisional excitation lasing at x .. ray wavelength$ has been observed in 
line-focus laser-produced plasmas at several laboratories.1,2,3 �t NRL, we now 
have observed amplined spontaneous emission £ro.m Cut Zn, Ga, Ge, AB, and Se, 
using both thin film and slab targets. 3 A common problem encountered as one tries 
to achieve high x-ray lasing intensities, is the refraction of the lasing beam away 
from the lasant plasma by density gradients present in the line focus plasmas. 
Interferometey, 4 shadowgraphy, and x-ray refracted .. angle measurements have been 
used 1io better understand tms problem. We will report on interferometric 
measurements made end-on and aide.on to the line focus, including a discussion 9f 
the techniques to s.nalyze this data.S,S Density distributions could be determined to 
within 50 microns of the target surface. Small plaema filaments perpendieu.lar to 
the target surface are also observed in these interferograms • and shadow grams, 

A discussion of the Z-dependence of the la.sing gain tor the J•2•l·and the J•0-1 
lines will be given and a SWllllW',Y of the measured wavelengths and gains of the 
lasmg lines will be presented. We have found that for our driver laser intensities 
(.S2 x 1013 wattwcm2). germanium is the most efficient lasing medium. 

"' This work was supported by SDIO 

1. T.N. Lee, E.A. McLean, R.C. Elton, Phys. Rev. Lett. Qi, 1185 (1987).
2. M.D. Rosen, et al., Phys. Rev. Lett. 54, 106 (1985); D.L. Matthews, et al., Phys.

Rev. !Att. §J;, 110 (1985).

3. T.N. Lee, E.A McLean, J.A Stamper, H.R. Griem, and C.K. Manka, Bull. A.PS
�' 1920 (1988).

4. G. Charatis, et al., J. de Phymque fl, C6-89 (1986).
5. G,J. Tallent&, J. Phys. D: Appl. Pbys.17,, 721 (1984).
6. R.S. Craxton, Bull. APS, 33, 2042 {1988).
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Observation of Gain in Na Ha Transition with Short Laser Pulse 

Irradiation 

Y. Kato, H.Azuma, K.Yamakawa, H.Takabe, T.Tachi, and

T.Nishio

Institute of Laser Engineering, Osaka University

2-6 Yamada-oka, Suita, Osaka, 565 Japan

S.A.Ramsden 

University of Hull, Hull, HU6 7RX, 

S.J.Rose 

Rutherford Appleton Laboratory,Chilton OXll OQX, England 

ABSTRACT 

Planer NaF Targets were irradiated with line-focused 526nm 

laser light of 28ps pulse duration and 23J of laser energy. Gain 

or loss of various transitions were determined by comparing line 

intensities emitted along and transverse to the x-ray laser axis. 

The Na Ha transition at 54.2 A shows definite gain whereas 

other transitions show strong absorption. Comparison of these 

results with our previous gain values obtained with longer pulse 

irradiation at 130 ps will be presented. 
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The Development of a Multi-Pass X-ray Lasing Amplifier 

G. Chara tis, D.J. Drake, P.D. Morley, KMS*; J. L. Trebes, LLNL** 

*KMS Fusion, Inc.

Ann Arbor, MI 48106 

**Lawrence Livermore National Laboratory 

Livermore, CA 94550 

We have begun experiments at KMS in which x-ray lasing can be 

demonstrated in a multi-pass multi-layer x-ray mirror cavity 

configuration. Hydrodynamic and ray trace code calculations indicate 

that this is possible in a plasma in which amplified spontaneous x-ray 

emission has been demonstrated. Both calculation and progress in the 

experiments will be reported. 
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Coherence of X-Ray Laser

Richard A. London and Mordecai D. Rosen 
University of California, Lawrence Livermore National Laboratory 

and 
Moshe Strauss 

University of California at Irvine 

Coherence is an important property of many lasers. The application of x-ray 
lasers to holography requires a high degree of both longitudinal and 
transverse coherence. Longitudinal coherence is expected to be very good, 
based on the assumption of doppler broadened line profiles. To date there 
has been little effort in understanding the transverse coherence properties of 
x-ray lasers or in designing them for high coherence.

We describe a model for the transverse coherence of exploding foil x-ray 
lasers, based on a modal analysis of the paraxial electromagnetic wave 
equation. We assume a steady state, and introduce spontaneous emission 
with a fluctuating polarization term. Particular transverse electron density 
(which gives rise to refraction) and gain profiles are assumed. The wave 
equation is solved by factoring the field into transverse and longitudinal 
components. An eigenvalue equation is solved for a set of transverse 
eigenfunctions or modes of the electric field. The longitudinal variation of 
each mode is characterized by a complex exponential function. Analytic 
expressions for the radiation intensity and the complex degree of coherence 
involving sums over the modes are found by taking the appropriate 
ensemble averages of field products. 

Explicit solutions for the transverse eigenfunctions and eigenvalues for the 
cases of constant and parabolic electron density and gain profile are given. 
Using the parabolic case as a model, we discuss the expected coherence 
fraction of the output of exploding foil x-ray lasers, and how this scales with 
various parameters such as wavelength, gain, electron density, and transverse 
scalelength. Predictions are given for the results of planned experiments to 
measure the coherence length by double-slit interferometry 

.. Work performed under the auspices of the U. S. Department of Energy by the Lawrence Livermore 

National Laboratory under contract W-7405-ENG-48. 
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19th Annual Anomalous Absorption Conference
Durango, Colorado 
19-23 June 1989

X-RAY LASER EMISSION FROM LONG LINE-FOCUS PLASMAS

R.S. Craxton 

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

The code CASERl has been used to calculate the x-ray amplified spontaneous 

emission from line-focus laser-produced plasmas. CASER solves the radiation transport 

equation along whatever three-dimensional x-ray trajectories are necessary to replicate a 

variety of experimental observations; it is used as a postprocessor to SAGE, which 

calculates the two-dimensional hydrodynamics of the line-focus plasma. One important 

effect, relevant to Livermore experiments using a long line focus(� 5 cm)2 and multipass 

amplification,3 is the finite speed of x-ray propagation through the gain medium. For 

exploding foils, where the density profile changes rapidly with time, the intrinsic gain in 

the medium can change appreciably during the transit time of an x-ray photon along the line 

focus. This effect has been included in CASER, and leads to closer agreement between 

simulation and experimental observations. 

1 R.S. Craxton, Bull. Am. Phys. Soc. ,31, 2042 (1988). 
2 D.L. Mathews et al., J. Opt. Soc. Am. B .4, 575 (1987). 
3 N.M. Ceglio et al., Opt. Lett. 13, 108 (1988). 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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19th Anomalous Absorption Conference, Durango, Colorado, June 19-23 1989 

Three Dimensional Simulations of Laser Driven Implosions. 

R P J Town and A R Bell 

Plasma Physics Group 

The Blackett Laboratory 

Imperial College 

Prince Consort Road 

London 

SW7 2BZ 

UK 

Abstract 

Laser fusion targets can be characterised as passing through three phases: acceleration, 

coasting and deceleration. The stability of the targets is of crucial importance to laser 

fusion. We have written a three-dimensional fluid code in spherical geometry to model 

the growth of target perturbations. Results will be presented in the coasting and 

This work has been supported by the UK Science and Engineering Research Council under 

grant no. 86513266. 
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The Ablative Rayleigh-Taylor Instability 

in Three Dimensions 

Jill P. Dahlburg, John H. Gardner 

LCP&FD, Naval Research Laboratory, Washington, DC

and Gary D. Doolen 

CNLS, Los Alamos National Laboratory, Los Alamos, NM

We report the results from a series of fully three-dimensional simulations of the ablative 

Rayleigh-Taylor instability in cartesian geometry. Flat plastic [ CH ] targets in hydro

dynamic steady state are perturbed with a single mode and are illuminated on one side by 

a moderate intensity red (>..L = 1.054µm) or ultraviolet (>..L = 0.26µm) laser beam. 

In all simulations, early time, linear RT growth rates from 3D perturbed (k
y 
, kz) targets are 

identical to those obtained from 2D perturbed ( k
y
) targets, for a given perturbation 

wavenumber k. However, we find that as the simulations proceed, the subsequent nonlinear 

evolution of an unconstrained 3D target can be considerably different from that described by a 

2D model, in ways that are analogous to other 3D unstable flows. 

The nature of the difference can best be studied by considering mechanisms that gener-  
ate rotational velocities (vorticity) from the interaction of existing vorticity and velocity. 
These mechanisms, termed vortex tilting and stretching, are indicative of secondary hy
drodynamic instabilities in shear flows, circular jets, and other 3D unstable hydrodynamic 
configurations. It has been conjectured that they precipitate the explosive transition to 
turbulence at subcritical Reynolds numbers1 

. We here present evidence that vortex tilting and 
and stretching, with the attendant possibility of turbulent transition, is observed in 3D 

single-mode ablative Rayleigh-Taylor calculations. This secondary hydrodynamic insta

bility alters the flow pattern near the target, feeding more mass into the RT spike than 

would be possible in 2D. Subsequently, the 3D Rayleigh-Taylor spikes are wider in cross 

section and extend further toward the laser than do the 2D spikes. This behavior is partic
ularly apparent in cases for which the ratio k

y 
/kz approaches 1. There, the amplitude of 

nonlinear saturation can be up to 40% larger in 3D than it is for a comparable 2D system.

1S. A. Orszag and A. T. Patera J.Fluid Mech. 128, 347 (1983).

Work supported by USDOE and ONR. 



Effect of Radiation Transport on Rayleigh-Taylor 

Instability Growth Rate . 

John H. Gardner, Jill P. Dahlburg, and C. Richard DeVore 
LCP&FD, Naval Research Laboratory, Washington, DC

Stephen E. Bodner 
Plasma Physics Division, Naval Research Laboratory, Washington, DC 

We report the results of calculations aimed at elucidating the effects of radiation transport 
on the growth of the Rayleigh-Taylor instability in laser accelerated thin targets. We 
compare the results from simulations of flat plastic [CH] targets accelerated with 1/4µm 
laser light of mid-1014 W /cm2 laser intensity, with and without radiation transport. It is 
found that radiation transport increases the mass ablation rate for a given laser intensity 
and reduces the growth rate of the Rayleigh-Taylor instability even in moderately low Z 
targets. 
For these calculations we use a multigroup, variable Eddington radiation transport model 
coupled to our FAST2D laser matter interaction code. Laser energy is absorbed by inverse 
bremsstrahlung. It is transported to the target surface in two stages. Classical thermal 
conduction transports the energy to a region of higher density where some fraction of the 
energy is converted to soft X rays. The X rays are then transported further towards the 
target by the multigroup transport process to a second absorption front dominated by 
X-.ray absorbtion. This results in two distinct fronts; each is subject to Rayleigh-Taylor 
instability but both have growth rates lower than the classically predicted growth rates. 
The eigenmode structure is considerably different than that of the classical Rayleigh-Taylor 
picture. 
Recent numerical simulations have shown that in the absence of radiation effects the growth 
rate for the Rayleigh-Taylor instability in laser absorbing plasmas is reduced below its 
classical value according to the formula proposed by Takabe et al. 1

� fkm 0cg = 0.9-3y gp'

Thus an increase in mass ablation or decrease in ablation density may be used to alter the 
Rayleigh-Taylor instability. We investigate the use of various low Z materials to control 
the ·density profiles and thus the Rayleigh-Taylor instability. 

1 H. Takabe, L. Montierth, and R. L. Morse, Phys. Fluids 26, 2299 (1983);
H. Takabe, K. Mirna, L. Montierth, and R. L. Morse, ibid. 28, 3676 (1985).

Work supported by USDOE and ONR
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Review Talk { 45 minutes) 

Nineteenth Anomalous Absorption Conference 
Durango, CO, 19-23 June 1989 

Key Physics Issues Associated with Free Electron Lasers* 
CHA-MEI TANG, Naval Research Laboratory, Washington, DC 

Free Electron Lasers (FELs) are currently under intense research and 
development throughout the world for a variety of applications. This talk 
will review the principle of the FEL and discuss a number of key physics 
issues which limit the performance of the FELs. These issues include, 
among others, i) the generation and propagation of high quality, high 
current electron beams, ii) optical guiding of the generated radiation 
beam, iii) wiggler noise and iv) the excitation of sideband radiation. 
Perhaps the most important component of an FEL is a high quality electron 
beam. For efficient FEL operation the effective electron beam energy 
spread should be sufficiently small. For reasons which will be discussed, 
the effective energy spread is determined by i) transverse beam emittance, 
ii) wiggler transverse spatial gradients, iii) wiggler noise effects,
iv) beam space charge effects, v) intrinsic energy spread and vi) energy
stability. Another important aspect of FEL operation is optical guiding of
the generated radiation beam. In many proposed FEL experiments, the short
wavelength radiation beam will not be confined by a waveguide structure and
the interaction length will be long compared to the free space Rayleigh
(diffraction) length. Optical guiding of the generated radiation,
therefore, can play a central role in the practical utilization of FELs.
These, as well as other physics issues, will be discussed in detail and
theoretical criteria and numerical simulations will be presented.

*Work supported by ONR and SDIO .
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SMOOTHING AND STABILITY OF A PLASMA CORONA PRODUCED 

BY A NON-UNIFORM LASER IRRADIATION 

J.R. Sanmartin, J. Sanz, J.A. Nicolas and F. Ibanez. 

Escuela Tecnica Superior de Ingenieros Aeronauticos. 

Universidad Politecnica de Madrid. 28040 MADRID-SPAIN. 

M. Perez-Saborid and A. Barrero.

Escuela Tecnica Superior de Ingenieros Industriales. 

Universidad de Sevilla. 41012 SEVILLA-SPAIN, 

D1 

A linear analysis of the perturbed hydrodynamics due 

to non-uniform laser illumination of spherical targets is 

considered. The analysis allows for light refraction 

througth the corona and absorption at the critical surface. 

Results have been obtained for wavelengths of the illumi

nation disturbances which are either much smaller than the 

target radius (planar case) or comparable to it (spherical 

case). Results show that a thermal self-focusing instabili 

ty may develop in the ablated plasma as a consequence of 

light refraction. The effect of inverse bremsstrahlung 

absorption on the obtained results has been considered in 

some particular cases. 



19th Annual Anomalous Absorption Conference 
Durango, Colorado 
19-23 June 1989

"COMPARISON OF ENHANCED THOMSON SCATTERING FROM LONG 

AND SHORT SCALE-LENGTH PLASMAS" 

S.H. Batha, D.D. Meyerhofer, and A. Simon 

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

Frequency up-scattered light produced by laser-plasma interaction was measured under 

three different plasma conditions. The corresponding down-scattered light was also 

observed. The measured wavelengths were, in all cases, in good agreement with the 

results of the enhanced Thomson scatter (ETS) theory. Enhanced Thomson scattering is 

not a local instability, but rather depends on the action of remote nonlinear plasma 

processes and instabilities to produce suprathermal electrons that enhance background 

plasma waves to large amplitudes.- Incoming laser light scatters from the enhanced density 

fluctuations into two "plasma-line" features, one on each side of the laser frequency. The 

position of these bands depends on the suprathermal electron temperatures through the 

phase velocity of the plasma waves that are enhanced. 

Experiments were performed with the GDL system at LLE and the Nova system at LLNL. 

The primary variations in the plasmas studied were in scale length, laser wavelength, laser 

energy, and laser intensity. The scale lengths varied from 80 to 1500 µm. The laser 

energy varied between 60 J and 20 kJ and the intensity varied between 8 and 

48 x 1014/cm2.

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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Abstract for the 
19th Annual Anomalous Absorption Conference 

19 June - 23 July 1989 

Collisionally Enhanced Degenerate Four Wave Mixing in a Plasma 

Y. Kitagawa, R. L. Savage, Jr., C. Joshi, and C. Clayton

Electrical Engineering Department 
University of California, Los Angeles, CA 90024 

We report the first experimental demonstration of phase conjugation via degenerate four 
wave mixing in a collisional plasma. The experiment was performed with the usual arrange
ment 1 of the two pump and the probe beams for DFWM. The angle between the probe and for
ward pump beams was 2.4°. The beams interacted in 1017 electrons/cm3 Ar+ plasma over a 
length of approximately 1.5 cm. The grating wavenumbers were krp = 248 cm-1 and 
kbp = 1.18 x 104 cm-1. The pump beam intensities were 100 MW/cm2, whereas the probe beam
had an intensity of 10 MW/cm2. The laser operated on a single longitudinal mode at the 10 P20

(10.6 µm) line of the CO2 laser with a FWHM pulsewidth of - 150 ns. The main results 1 of our 
work are as follows: 

a) Most of signal reflectivity was from the small krp grating as expected in a collisional
plasma.

b) The signal reflectivity scaled as electron density, nt again as predicted by theory.
c) The reflectivity scaled as I8Jbe and l�u�p·
d) The thermal force enhancement of the signal reflectivity was a factor 100 over the pondero

motive force contribution.
e) The third order susceptibility, X3, of the plasma (ne / nc - 10-2) at 10 µm wavelength was

found to be 1.5 x 10-12 e.s.u.
f) The response time of the small kfb plasma grating was found to be about 50 ns.

The scaling of the signal reflectivity in a collisional plasma can be shown to be

~ A1
0 n� Ir lb L2 

R � 
T ;o 

, where L is the interaction length. 

Thus, collisional plasmas appear to be extremely promising for phase conjugation via DFWM, 
particularly in the microwave regime. 

1 Y. Kitagawa, R. L. Savage, Jr., and C. Joshi, Phys. Rev. Lett. 62, 151 (1989).
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19th Annual Anomalous Absorption Conference
Durango, Colorado 

19-23 June 1989

ABSOLUTE AND CONVECTIVE INSTABILITIES 

IN INFINITE HOMOGENEOUS MEDIA 

C.J. McKinstrie

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

An important distinction between instabilities in infinite homogeneous media is whether 

they are absolute or convective. Unfortunately, however, the physics inherent in this 

distinction is often obscured by the mathematical analysis required to determine the time

asymptotic pulse shape. A simple example is presented for which there is an exact analytic 

solution and which displays many important aspects of instability physics. A curious 

anomaly in the historical development of the "standard" mathematical technique is also 

discussed. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FCQ3-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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SRS CONVECTIVE THRESHOLDS IN A LINEAR DENSITY RAMP 

H.C.Barr, T.J.M.Boyd, and Osama Yasein

University of Wales, UCNW, Bangor, Wales, UK 

It has been shown previousl/ that a global analysis of SRS in a 

linear density ramp permits absolute instability over a wide band of 

scattered frequencies w and not just at w = w /2. This is due to feedback 
s s O 

• 

between backwards and forwards scattering resonances. The absolute 

instability thresholds are then typically a factor of four lower than the 

those predicted by conventional SRS-C theory for backscattering and more 

than an order of magnitude lower when compared with SRS-C forward 

scattering thresholds. Below these absolute instability thresholds there 

exists, in general, a regime of convective amplification. Thus, the 

convective thresholds (amplification of e2n) resulting from a global 

analysis will be more than a factor of four lower than conventional SRS-C 

theory suggests. We quantify this by solving the full-wave SRS equations 

appropriate to the convective regime. 

1P.Koch and E.A.Williams, Phys Fluids, 27,2346(1984); H.C.Barr, T.J.M.Boyd,

and G.A.Coutts, Phys.Rev.Lett.60,1950(1988) 
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PULSE-SHAPING OF DIRECT DRIVE CAPSULES 

FOR ABSORBED ENERGIES OF 100 - 500 kJ 

M. Cray, S.V. Coggeshall, G.R. Magelssen, and W .C. Mead

Los Alamos National Laboratory 

ABSTRACT 

A number of different direct drive capsules have been designed using 1-D LASNEX 
simulations for absorbed energies ranging from 100-500 kJ. Capsules with foam and 
Be ablators have been considered. The results of LASNEX simulations exploring the 
pulse sensitivity of these targets will be given. 

This work was performed under the auspices of the U.S. Department of Energy by 
Los Alamos National Laboratory under contract No. W-7405-Eng-36. 



Analysis of recent Nova symmetry and implosion physics 
experiments* 

L. J. Suter, R. E. Turner, C. J. Keane, J. D. Kilkenny, LLNL

We will discuss and present data supporting the three major conclusions that 
resulted from recent Nova implosion experiments which were diagnosed via 
diagnostic tracer emission. The conclusions are: 

1- We have a good, quantitative understanding of symmetry in our current 
Nova hohlraums. 

2- We have a good understanding of the gross hydrodynamics of these 
capsules. This makes them a good starting point for investigating less tractable 
physics such as pulse shaped hydrodynamics and mix. 

3- The Detailed Configurational Accounting code [1] does an excellent job 
modelling the atomic physics of the fuel dopant. We can confidently use it in the 
future to plan and interpret sophisticated, spectraUy diagnosed implosion physics 
experiments. 

1-Y. T. Lee, D.S. Bailey, G. B. Zimmerman, Detailed Configuration Accounting
Kinetic Code for Non-L TE Plasmas, 1985 Laser Program Annual Report, 
UCRL-50021-85, p. 2-81. 

*Work performed under the auspices of the U. S. Department of Energy by the
Lawrence Livermore National Laboratory under contract W-7405-ENG-48.
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3D Multimode, Ablative Rayleigh-Taylor Simulation 

Jill P. Dahlburg, John H. Gardner 

LCP&FD, Naval Research Laboratory, Washington, DC 

and Gary D. Doolen 

CNLS, Los Alamos National Laboratory, Los Alamos, NM 

We numerically investigate the 3D evolution of a perturbed 50 µm thick CH target illumi
nated on the x+ side with a red (,\L = 1.054 µm) laser beam that emanates from x = +oo.
The target, assumed to be 120 µm x 120 µm in y, z cross section, is randomly seeded 
with wavelength A

y , Az = 30, 40, and 60 µm perturbations. These perturbations are
imposed in ten computational zones (2.6 µm) immediately to the x_ side of the target 
density peak. Each A

y , Az mode constitutes a mass perturbation of 0(2 x 10-4%) or 
a density perturbation of about 10-3 %. The maximum summed density perturbation is 
1.4 X 10-2%. 

For the calculation, we used our new laser matter interactions code, FAST3D1
. This code 

solves the 3D Euler equations for an ideal gas using the flux-corrected transport method. 
Laser energy is deposited by inverse bremsstrahlung and transported by classical Spitzer 
thermal conduction. A sliding-zone Eulerian mesh tracks the steep gradients in the RT 
unstable region while ensuring accurate resolution of developing rotational flows. The 
gridding for this run is 200 x 60 x 60 (x, y, z) zones, with 0.26 µm zones nea� the ablation
surface and no greater than 0. 72 µm zones in the region of the nonlinearly evolving spikes. 

The simulation was continued for a total of 14 ns. A y, z Fourier transform of the x
integrated target mass indicates that the perturbed modes grow exponentially (linearly 
independently) for about 7 ns, until each mode reaches a mass perturbation of a few 
hundredths of a percent. Subsequently the modes begin to interact, with both larger and 
smaller scale structures being generated. The modes in the bulk of the target tend to be 
dominated by small, initially excited wavelengths with A

y
/Az = 1, as expected from our 

previous single mode 3D calculations. Disturbances in the lower density blowoff plasma 
immediately to the x+ side of the target turbulently interact. By 14 ns this 3D, stratified 
turbulence has generated visibly dominant excitation in the largest y, z scales allowed, in 
the low density ablating plasma. 

1 J. P. Dahlburg and J. H. Gardner Phys.Rev.Lett., (submitted, 1989). 

Work supported by USDOE and ONR. 
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Abstract 

Hydrodynamics of ISI laser light self-focusing 

R. Rankin, C.E. Capjack, and C.R. James,

Department of Electrical Engineering,

University of Alberta, Edmonton, Canada T6G 2G7. 

A two-dimensional cylindrically symmetric Eulerian hydrodynamic plasma 

simulation code is used to study self-focusing of ISI (induced spatial 

incoherence) laser light in an inhomogeneous plasma. At high intensities, 

I -10 1\Jcm-2 (where I represents the intensity which would be achieved for
0 0 

a perfectly coherent beam) thermal self-focusing can occur as a result of 

small amplitude pressure driven oscillations of the electron density. The 

dwell time of the filamentary structures varies from being as short as the 

coherence time of the laser light tQ a few tens of picoseconds. A similar 

time dependence is observed at lower incident intensities, 

but the level of self-focusing is very significantly reduced. 
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Measurements ofX-ray Conversion Efficiencies For 
Shaped Laser Pulse Irradiation of Gold Disks* 

C. Darrow, H. Kornblum, F. Ze,
J. D. Kilkenny, and R. P. Drake

Lawrence Livermore National Laboratory 
Livermore, california. 94550 

We have recently performed experiments for the purpose of 

studying the time-resolved x-ray conversion efficiency of temporally 

shaped 0.35 µm laser pulses. At present we have developed a 

technique for reproducibly generating a prescribed laser pulse shape 

and have used this pulse to irradiate gold disks. The x-rays produced 
were monitored with a ten-channel (hv = 0.2 - 1.5 keV) time-resolved 

(to 200 ps) x-ray spectrometer. By varying the laser energy and focal 

spot size we were able to measure time-resolved x-ray conversion 

efficiencies and x-ray pulse shapes for several irradiation intensities 

and for several variations of the nominal prescribed laser pulse shape. 

These results will be discussed within the context of pr.oduction and 

controlled shaping of soft x-ray pulses. 

�his work was performed under the auspices of the U.S. Department of Energy by the 
Lawrence Livermore National Laboratory under Contract No. W-7405-Eng-48. 
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Abstract for the 
19th Annual Anomalous Absorption Conference 

19 June - 23 July 1989 

"Photon accelerator": New Method of frequency 
upshifting ultrashort laser pulses 

S.C. Wilks, J.M. Dawson, T. Katsouleas and W.B Mori

Department of Physics 
University of California 
Los Angeles, CA 90024 USA 

A novel method of frequency upshifting short (� 1 picosecond) pulses of a 

laser light, which makes use of relativistic plasma waves, is described. This 

method makes use of the fact that a laser pulse moving in a plasma can be 

thought of as a packet of photons, each possessing an effective mass of 

m,,� ti rope/ c2 and moving with the group velocity of the laser pulse. These

photons experience a force acting on them when in the presence of a gradient 

in the plasma density. By using a relativistic plasma wave (i.e., a moving den

sity gradient) traveling with the photons, the energy of the photons (thus the 

frequency) can be continuously increased. Results from 1-D, particle-in-cell 

simulations of this scheme will be shown, as well as a short discussion on 

some important 2-D effects. 
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Past Compression of Magnetic Flux Using An Implodtng Cylinder 

Driven by Laser Beams 

W. Choe
University of Illinois at Urbana�Cllampaign, Illinois U.S.A. 

presentt?d at tlie 19th Annual Anomalous Absorption Conference 
Durango, Colorado, U.S.A. 

19 June - 23 June. 1989

A method is proposed for magnetic flux compression inside a cylindrical liner 
driven by laser beams. A liner considered is a thin cylindrical shell comprised 

of two layers; an inner layer made of a conducting material and a plastic outer 
layer. The conducting layer should bi:? as thin as possible to maximize the 

effects of laser compression, but thick enough to prevent significant loss of 
the entrapped magnetic field lines. The outer layer is ablated by a set of laser 
beams which generate a rocket force, driving the liner toward ils cylindrical 
axis. The potential of this scheme as a magnetic pulse generator with a rise 

time faster than 1 µs, Bmax of 10 T/ns, and peak magnetic field strength greater 

than 103 Tis examined using a one-dimensional time-dependent 1nodcl. 
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Radiative Yields From Femtosecond Targets*

M. D. Rosen

University of California
Lawrence Livermore National Laboratory

Livermore, California 94550

We have modeled a wide variety of targets that have been or

will be illuminated by femtosecond laser pulses at a range of

irradiances spanning several orders of magnitude. The basic scaling

of plasma temperature is derived, and confirmed by simulations.

Designs of experiments to monitor heat transport are presented.

Predictions for radiation output in terms of spectra, power, and

temporal duration are compared to data and other published

predictions.

*Work performed under the auspices of the U. S. Department of Energy
by the Lawrence Livermore National Laboratory under contract
W-7405-ENG-48.
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Interaction Experiments with 10 psec Pulses 

J E Bernard, D M Villeneuve and HA Baldis 

National Research Council of Canada 

Ottawa Canada 

The LP2 glass laser system at NRC has been modified to amplify 
10 psec pulses. The input pulse is generated by a 100 psec pulse chirped 
and dispersed in a fiber, then compressed by bandwidth narrowing in a 
YAG regenerative amplifier. The resulting pulse is propagated through 
the LP2 amplifiers, using aggressive spatial filtering, to produce greater 
than 10 Jon target, corresponding to a peak intensity of 5 x 1016 W / cm2

. 

Results of some initial plasma characterization, such as x-ray spectra, will 
be presented. 
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Creation of high density plasmas 
using X-Ray sources 

L. Da Silva and R. Falcone
University of California at Berkeley 

D. Matthews and J. Trebes
Lawrence Livermore National Laboratory* 

ABSTRACT 

An extension of optical laser-plasma interaction studies is to utilize high power x

ray sources or x-ray lasers to create high density plasmas. In our work x-rays 

generated by a laser irradiated gold target are focussed with a nickel plated 

ellipsoidal mirror onto an isolated target. The mirror intercepts a solid angle of ~ 

5x1 o-3 sr and images the source spot with 1:1 magnification. An aluminized 

lexan filter was used to prevent stray laser and plasma light from also being 

focussed on the secondary target. The x-ray spectrum, energy and focal spot 

distribution on target have been measured and indicate that with a laser energy 

of 30 J (AL= 0.53 µm, 'tl = 1 ns) we can achieve x-ray flux densities of~ 3 J/cm2 . 

Details of these measurements along with some preliminary results on the 

effects of x-ray heating on multilayered mirrors will be presented. 

* Work performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract number W-7405-ENG-48.
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Gain and Line Broadening Measurements 

of Lithium-like Ions* 

J.C. Moreno, H.R. Griem, S. Goldsmith
Laboratory for Plasma Research 

University of Maryland 

College Park, MD 20742-3511 

J. Knauer
Laboratory for Laser Energetics 

University of Rochester 

Rochester, NY 14623-1299 

Spectroscopic measurements were made of lithium-like Al and 
Mg emission lines from laser-produced plasmas. Flat targets, con
sisting of thin layers of Al or l\!Ig coated on a 11Iylar backing, were 
irradiated with up to 8 beams of the OMEGA laser system em
ploying a line focus configuration. The Al XI 4f-3d line at 154.7 A 
exhibited a gain coefficient of 4.1±1.2 cm- 1 from comparisons of line 
intensities from 3 mm and 6 mm long plasmas. Similarly the 4d-3p 
line at 150.7 A and the 5f-3d line at 105.7 A had gain coefficients 
of 4.5±1.3 cm-1 and 3.5±0.8 cm-1

, respectively. The line width of 
the Al XI 5f-3d line was measured to be 0.35 A, while the same 
transition in Mg X had a line width of 0.48 A. These lines widths 
are much larger than the expected Doppler and instrumental width 
and can be attributed to Stark broadening. Using a simple theory 
for Stark broadening we obtain an electron density of r--.1 3 x 1019

cm-3 for both the Al and l\!Ig plasmas. 

* vVork supported by U.S. Department of Energy.
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Characterization of a line focus plasma by high 

resolution X-ray spectroscopy in the keV range 

J.C. Kieffera, M. Chaker, M. Hebert, H. Pepin,

INRS-Energie, C.P. 1020, Varennes, Quebec, JOL 2PO, Canada 

D.M. Villeneuve, J.E. Bernard, H.A. Baldis

National Research Council, Ottawa, Ontario, KlA OR6, Canada 

We have used the LP2 glass laser of NRC (200 J, 3 ns) to produce Al and 

Cu line focus plasmas (1 mm to 8 mm long by 100 µm). Two bent crystal spec

trometers in Johann geometry are used to do high resolution spectroscopy 

('A,/llA ::: 5000) and X-ray monochromatic images of the plasma in the keV range 

(7 A - 13 A). A pinhole camera and a flat crystal have also been used. We 

will discuss monochromatic images obtained at various Cu (Neon like) and Al 

(Resonance and intercombination Helium-like) wavelengths. Preliminary 

results on the distribution of the plasma parameters obtained from the spec

tra and the monochromatic images and spatially resolved in one and two 

dimensions will be discussed. 

a) On leave from Univ. P. Sabatier, UA277 du CNRS, Toulouse, France.



Invited Talk (30 minutes) 

Planar Foil Instability and 
NOV 

Mix 
A Lasers 

Experiments at the HELEN and

P Fieldhouset, K Oades, PA Rosen, JC V Hansom, T J Goldsack, 
['{rCowperthwaite, D L Youngs, N Mawhinney, A J Baxter, B R Thomas 

Summary 

Atomic Weapons Establishment, Aldermaston, Berks, EngJand 

J D Kilkenny, D Bach, R Wallace, V Rupert, P Skokowski 

Lawrence Livermore Laboratory, CA USA 

t To be presented at the 19th Anomalous Absorption Conference, 
19-23 June 1989, Fort Lewis College, Durango, Colorado

This paper reviews the current programme of unstable hydro and mix 
experiments being performed by AWE at the HELEN laser and in collaboration with LLNL at 
the NOVA laser. 

• In these experiments planar foil packages are accelerated by radiation from a
laser heated driver. Hydrodynamic instabilities - both Richtmyer-Meshkov and Rayleigh-Taylor 
- leading to turbulent mixing at the interface between the ablator (light 'fluid') and the foil
payload (heavy 'fluid') are diagnosed using the technique of point projection X-ray
backlighting spectroscopy, in which a near point source of X-rays of short duration, together
with a Bragg crystal, provides simultaneous temporal(~ 100 ps), spectral (few eV) and two
dimensional spatial(~ 10 µm) resolution in the film image. Intermixing at the ablator/foil
boundary - initial surface finish ~ 0.1 µm rms - is identified in the radiograph from the overlap of
characteristic absorption features associated with each of the constituent materials.

Typical plasma conditions in the experimental package - close to the region of 
mix - at the time of measurement [4-10 ns delay and few 100 µm downstream] are of order 

� few 1 O's eV and 0.1 to a few g cm-3 density; interface velocities of ~ few 106-107 cm sec-1

are obtainable with peak ablation drive pressures of 10-40 Mb. 

The paper will review the experimental concept and technique and briefly 
highlight progress made at the two laboratories in the past two years. The procedures used in 
processing the experimental radiographs and in unfolding the spatial distribution of mix will be 
described by reference to one specific 'high mix' shot (#7772) recorded at HELEN for which 
the data have been fully analysed. The analysis will be discussed, various sources of error [in 
particular 'edge-effects'] considered and a comparison made with 1-D and 2-D hydrocode 
simulations; the sensitivity of the predicted mix to the input parameters in the codes (eg 
spectral drive, preheat, opacity and equation-of-state data) will be underlined. 

The talk will conclude by showing a few of the recent results from NOVA and 
will outline future plans and goals for continued collaboration in this programme. 
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Recent NRL Measurements of Velocity Uniformity and Hydrodynamic 
lnstablllty In Ablatively Accelerated Foils. 

J. Grun. J, stc:mper, E. McLean, S. Bodner, K. Keaney, C. Monka, A. Mostovych,
S.Obensehcln, C, Pawley . lmttE'JmJJA SCADCb. 

J. Dohlburg, M. Emery, J. Sordner, \.QbOrgtQIY fgr Computgtjonct PhW!�S

• Naval Research Laboratory, Washington DC 20375

The velodty unlformtty ond hydrodynamic lnstobfflty of ablcttvely accelerated foils are 
mportont lsslles In ICF. Great progress hes been made In snoothlng laser bear-r,s with 'the 
Introduction of ISi ot NRL. RPS at Osaka, and SSO ot Rochester. However, ihere have bean few 
direct measurements 01 veloetty unlfcrmtty wtth these methom Slmffaty. Ri 11",stabUtty 
exi:,el1ments nove not been completely explclned by theory, Reeent hydrodynomlc 
c:olculatlons ln�ate that rodlatton tronsport moy be need� to Ln'idei1tond RT experiments. 

NRL has 'Just completed an extensive aet (70 data lhot!) 01 experiments to address 'the 
above Issues. n these experiments flat tons. 'i'Jert1 ccc.:sleroted with a 0.Sum 1os&r (4-ns FVIIHM, 
mid l0ttv.//cm") to s,:,eeds of 100 �/sec. Vie meaul'Od tt'le rear surface temperature, velocity-• - uniformity (wtth double foils), o:eelerotlon history (wl1ti X-fO/ stdettgh11ng), and RT growth (With 
X-fa./ bacidlght1ng). A new Jmportont fecture of the expertmen1s Is that accelerctton. and ITT 
growth, end temperature w�r& M80$\.lred stmuttoneously on each siot. We do not rely on 
codes or shot-reproduc!bfitty arguments for one of these Items. The velocity unlformtty, 
acceleroflon hlstoiy, and tmpoct ton temperature were olso measured slmult0neousty In tt'le 
uniformity study. 

Our mec:isurements o:ldf'Msed ihea Issues: 
• Veloelty unlformtty wcs measured with a green drtver and low lrrodlonce to mlnlm.lte

smoo1hlng by 1he cloudy-doy effect. ISi-smoothed and non-tmoo1hed loser beorT\$
were US$d fer eompcnson.

• RT wavelengths of 25, 33, ea ,75 .85, end 100 um were used.
• forget fhlcknus was voted to change acceleratton In 1he RT experiment.

E1 

• Perturbat1on depth wos valed from 0.2 to lum to mlrJmlze aid detect the onset of·
ncnlnea' effects,

• Cl�nt torget materiols were used to see Ir x-ray preheat makes a difference In RT
growth.

• Square and slnusoldof torget pertulbattons were eompored to see If RT Is effected by
presence o1 ml.ittple modes.

Results wm be compared to hydrocodes with and wtthout rcdlatton. 

Supported by ihe U.S. O.0.E. 
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HYDRODYNAMICTUBBULENCEDUET9
• LASER-ACCELERA'l'ED FOJL TARGETS 

+ J. Stamper, J. Grun, J. Crawford , C. Manka, A Mostovych,
B. Ripin, and E. McLean

Plasma Physics Diviaion
Naval Research Laboratm:y 

Washington, DC 2Q375-5000 

Hydrodynamic turbulence is produced when a laser-irradiat.ed foil target is 
ablatively accelerated in an ambient gas. Optical probing studies of this 
turbulence provides a data hue whoee analyeis should be helpful in 
understanding the complex turbulent atru.ctm,Js ol astrophysical and 
atmospheric interest. Typically, 30 to 350 Joules from a FHA.BOS m laser beam 
(l mi�n) is focused to a diameter or .8 mm onto a 9 or 20 micron thiok CH
plastic foil target, which is located in a 5 Torr ambient of nitrogen. Turbulence is
produced ahead of the ablatively-accelerated dense t�get material. The
turbulent structure is probed with a halt-micron, short--pulse (.3 nsec) laser beam..
By spatial filtering in the Fourier-transform plane of a collector lens, the
stl"!,lcture ia recorded either as a dark.field shadowgram or as a phasogram
(phase contrast). Unfiltered (bright-field) shadowgrams were simultaneously
recorded by using polarization-dependent beam splitting. These diagnostics
allow us to quantify the power spectra of the turbulence. Photographs of the
stru.cture will be shown and the temporal and spatial variations discussed.

* Supported by the U.S. Defense Nuclear Agency
+· Southwestern Texas State University
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UCRL-100884 ABST 

Second Order Analysis of Rayleigh-Taylor Instability 
With Multi-Mode Initial Condition* 

Steven W. Haan 
Lawrence Livermore National Laboratory 

University of California 
Livermore, CA 94550 

ABSTRACT 

The equations describing the Rayleigh-Taylor instability for inviscid, 
incompressible fluids with surface tension are expanded to second order in 
the Fourier modes. The resulting differential equations, which include 
quadratic mode coupling terms, can be solved at intermediate times during 
which the spectrum is dominated by a group of modes which are themselves 
not yet strongly affected by the nonlinearities. Coupling between these 
modes drives up the amplitudes of other modes, both harmonics at higher 
wavenumbers and other long wavelength modes at smaller wavenumbers. For 
the long wavelengths we can see explicitly how memory of initial conditions 
is lost, already at the early stages of nonlinearity. Memory of initial 
conditions is lost at this time if and only if the long wavelength 
amplitudes in the marginally nonlinear spectrum go to zero faster than k 
for small k. Examining the solution in various situations, we see that 
nonlinearity becomes important when the dominant modes reach amplitude 
about 1/Lk;, where L is the system size and .kp the wavenumber at
which the amplitude peaks. 

*Work performed under the auspices of the U. S. Department of Energy by the
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48. 
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19th Annual Anomalous Absorption Conference
Durango, Colorado 

19-23 June 1989

CHARACTERIZATION OF PLASMAS PRODUCED BY INTENSE, 

1-ps, LASER PULSES

Y-H. Chuang, S.H. Batha, H. Chen, D.D. Meyerhofer, M.C. Richardson, and S. Uchida

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

We present studies of high-intensity laser-plasma interactions using the Tabletop 

Terawatt(T3) laser. The laser, based on the principle of chirped-pulse amplification, 

operates at 1.053 µm wavelength with a pulse duration of 1 ps. It is currently operated in 

a single-pulse mode with energies up to· 100ml and focused intensities up to~ 10 16 W/cm2.

The laser is also operated at 0.527 µm through frequency doubling. 

We have measured the absorption of laser light in plasmas p:i;oduced during. 

interactions with various materials using an Ulbrecht's sphere. The laser characteristics, 

including, intensity, polarization and incident angle were systematically changed. Charge 

collectors and x-ray pin diodes were used to study the characteristics of the ions and 

electrons. X-ray and XUV spectroscopy were used to measure the spectral emission from 

the plasmas. Parametric processes were studied using integer and half integer harmonic 

emission spectroscopy. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 

No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 

for Laser Energetics." 
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Collisional Absorption of Short Pulses* 

R. Cauble, F.J. Rogers,
Lawrence Livermore National Laboratory, Livermore, CA 

and 
W. Rozmus,

University of Alberta, Edmonton, Alberta 

The advent of intense, subpicosecond laser pulses has opened a new window 

in the study of very high density plasmas. When such a pulse is focused on a 

solid, much of the laser energy absorbed by the ionizing electrons is rapidly 

conducted away by cold matter below an absorption skin depth. The result is a 

cool (1 - 500 eV), very dense (1024_102s cm-3) plasma. The theoretical 

interpretation of these experiments rely on the electron-ion collision frequency, 

which governs laser light absorption, and on the electron thermal conductivity, 

which controls plasma cooling. The form of the collfsion frequency must be 

appropriate to strongly coupled plasmas in the presence of a strong 

electromagnetic pump source. We modify a previous calculation1 for the 

collision frequency in strongly coupled plasma to include the presence of the 

strong pump. We approximate the required particle spatial distributions to 

provide an analytic, but reasonable, result which is referenced to a numerical 

solution using particle correlation functions in the hypernetted chain 

approximation. We also comment on the correct form of the electron thermal 

conductivity in strongly coupled plasma. 

1 R. Cauble and W. Rozmus, Phys. Fluids 28, 3387 (1985)

* This work was partially performed under the auspices of the U.S. Department
of Energy at LLNL under Contract No. W-7405-ENG-48.
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19th Annual Anomalous Absorption Conference
Durango, Colorado 
19-23 June 1989 

CALCULATION OF INVERSE BREMSSTRAHLUNG ABSORPTION OF 

HIGH-INTENSITY LASER LIGHT IN SHORT SCALE LENGTH 

PLASMAS 

D.D. Meyerhofer, Y-H. Chuang, J. Delettrez, M.C. Richardson

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623

Abstract 

Classical calculations of the inverse-Bremsstrahlung absorption coefficientl are 
valid in long scale-length plasmas for low intensity laser irradiation. When the scale length 
of the plasma is less than the quiver amplitude of the electron in the laser, Xosc=eE/mro2, or 
when the quiver velocity, Vosc=eE/mro, is greater than the thermal velocity of the electrons, 
the assumptio:g,.of CQI!Stant collision frequency over the particle orbit is invalid. For 
example, wf� v0s��the inverse Bremsstrahlung absorption coefficient is reduced by a 
factor of roughly (vte1Vosc)3. In addition, when p-polarized light is obliquely incident on a 
target in a short scale length plasma, the plasma density•is nonuniform over the electron 
orbit. 2 We present calculations of the inverse Bremsstrahlung absorption of high intensity 
laser light in short scalelength plasmas. These calculations include integration of the 
particle orbits in the laser field. 

1 W.L. Kruer, "The Physics of Laser Plasma Interactions" (Addison-Wesley Publishing, 
Redwood City, Ca. 1988). 

2 F. Brunel , Phys. Rev. Lett. i2. (1987) 52.

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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EXACT SOLUTION OF THE BOLTZMANN EQUATION 

IN THE PRESENCE OF AN INTENSE LASER FIELD 

SHAHID RASHID RPO 9888, P.O.Box 5063New Brunswick,N J 

In the presence of an intense laser field we treat the electrons as quasi- free whichmeans they are solutions to the minimally coupled Dirac equation. With this picture,we exactly solve the Boltzmann equation by the separation of variables method. The
solution is a product of the initial distribution function and a time evolving part. 1l../eapply the result to the case of a Maxwellian electron gas in a quasineutral plasma.We use the approximation for a cold plasma so that the mean electron kinetic energyis very small compared to the energy of the photons absorbed, I.e. 2mlhv >> p

2
. For intensity of he laser field when the Kibble parameter, Ek = ;;;2 , where E

q 
is thequiver energy of the electron in the laser field, is much smaller than one, the solutionis obtained as a Maxwellian distribution where the temperature is a time dependent

quantity given by

ar is directly proportional to the intensity of the laser field.
The second case we consider is the hot plasma case. The cross section calculated underthe Born approximation from our previous paper (Phys. Rev. A 38, 2525 (1989)) isused. We obtain a nonmaxwellian distribution which is given by

oral talk

( A )
3/2 

J( v, t) = n 271" /(1 - 2Ab( t)/7r1/2) exp( -Av2 
- B( t)/v ).

1 
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Equilibrium Ionization of High-density Matter 

 S. Pfalzner, Inst.f.Angewandte Phsik, Hochschulstr.4a, 
6100 Darmstadt, Germany 

ES 

Ultrashort laser pulses as well as intense heavy ion beams are capable of pro
ducing high-Z plasmas of electron densities not accessible before in the laboratory. 
Depending on the parameter r = (Z*e)2 / R0kT three density domains can be 
distinguished in the plasma. In the case of classical plasmas, r � 1, the Maxwell
Boltzmann distribution is valid and the ionization degree can be described by the 
Saha equation. If r � 1 the electron gas is fully degenerated and ionization oc
curs by the pressure the surrounding ions exert on the single atom. In this region 
it is shown that the Thomas-Fermi(TF) equation for cold matter can be used 
for calculating the ionization degree. The different extensions, namely Thomas
Fermi-Dirac(TFD), TFD with electron correlations, gradient corrections etc. are 
evaluated and it is shown that the improvements due to TFD are essential. 

In the transition region r � 1 the electron gas is partially degenerate. So 
the influence of the temperature has to be taken into account which means that 
Fermi-Dirac statistics has to be used. The temperature-dependent TF model and 
its corrections are taken to calculate the ionization degree of dense plasmas. It 
is shown that from the TFD extension results a far better description for low 
ionization degrees than from the simple TF model. 

In the case of dense and high-density matter outer shells of neighbouring atoms 
overlap and, as a consequence, the ionization potentials of atoms and ions are 
reduced. By using the temperature-independent TF model we are able to calculate 
the ionization potentials with increasing density. 



19th Annual Anomalous Absorption Conference 
Fort Lewis College, Durango, Colorado 

19-23 June 1989

"Hydrodynamic Simulations of Ultrashort Laser Pulse Interaction" 

J. Delettrez, D.D. Meyerhofer, and M.C. Richardson

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

We present the results of full hydrodynamic simulations of ultrashort laser pulse 

interaction experiments. The simulations are carried out with the 1-D code LILAC in which 
the absorption of the laser light at short scale lengths is calculated by solving the one
dimensional wave equation. 1 The electrical conductivities were obtained from either a 

Drude model, fit to experiment,2 or from the SESAME tables. We concentrate this study 

on the results of experiments carried out on the T3 laser at Rochester by the group at INRS3 

and on more recent experiments on T3. · We compare the measured absorption to the 
calculated value for the laser intensity range 1013 to 5 x 1Q 15 W/cm2 and s- and p
polarization at several angles. The dependence of the scale length, and of the resulting 
absorption fraction, on the laser conditions (intensity, pulse width, prepulse, and 
polarization) is discussed. Simulations of other published experiments are also considered. 
Finally, we use code results to discuss the prospects of directly heating high density plasma 

with ultrashort laser pulses. 

1) J. Delettrez et al, Bull. Am. Phys. Soc. 33, 2060 ( 1988).
2) H. M. Milchberg et al, Phys. Rev Lett. 61, 2364 ( 1988).
3) J. C. Kieffer et al, Phys. Rev. Lett. 62, 760 ( 1989).

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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Recombination Lasing in Plasmas Produced 

by Above Threshold Ionization with 

Ultrashort Optical Pulses 

G.D. ENRIGHT, N.H. BURNETT, and P. B. CORKUM

National Research Council of Canada 

Ottawa, Canada 

Recent advances in ultrashort pulsed laser technology 

should allow the production of highly over-ionized low-Z 

plasmas by means of optical field induced ionization. These 

plasmas should be of interest for recombination XUV lasers 

in both transient two level systems and adiabatically cooled 

three level systems. Gain calculations for hydrogen and 

lithium-like ions will be presented. Some of the plasma 

physics issues involved in the production of such suitably 

dense cold plasmas with sub-picosecond UV laser pulses will 

be discussed. 
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Review Talk ( 45 minutes) 

"NONLINEAR SCIENCE: FROM PARADIGMS TO PRACTICALITIES" 

David K. Campbell 
Director, Center for Nonlinear Studies 

Los Alamos National Laboratory 
Los Alamos, NM 87545 

ABSTRACT 

Much of the recent excitement surrounding the interdisciplinary 

subject of ''nonlinear science" arises from the recognition that 

nonlinear phenomena, although occurring in many apparently different 

contexts in natural sciences and engineering, often display common 

features or can be understood using similar conc.epts. These common 

concepts or features, usually called paradigms, have provided an 

effective way of viewing nonlinear problems and of going beyond our 

standard, linear intuition. 

In this colloquium-level presentation, we define and discuss 

three of the most important nonlinear paradigms: "solitons", 

"deterministic chaos", and "fractals". We present examples of natural 

systems in which each of these paradigms occurs, describe briefly 

the underlying concepts and mathematical structures they reflect, 

and illustrate them with slides and a short film. We close with a 

brief description of some of the potential practical applications 

of nonlinear science. 

FR 



Invited Talk (30 minutes) 

CAVITON NUCLEATION in LASER-PRODUCED PLASMAS and the IONOSPHERE 

. Harvey A. Rose, B. Bezzerides, D.F. DuBois and D. Russell 

Los Alamos National Laboratory Los Alamos, New Mexico 87545 

GI 

The goals of our research include the development of a theory of 
strongly driven, high frequency plasma turbulence (commonly called 
strong "Langmuir Turbulence" - or SLT) and its application to 
experiments including laser-plasma interactions and experiments 
involving the modification of the ionosphere with powerful radio 
waves("HF" heating). 

From the standpoint of basic science, the Langmuir turbulent 
system is a fascinating nonlinear system exhibiting the interplay 
of chaotic behavior, locally coherent (soliton-like) structures, 
collapse and long range order. There are certain universal scaling 
properties of SLT which make it applicable to different physical 
settings with such diverse scales as laser-produced plasmas, 
ionospheric heating and type III radiations from the solar wind. 

In contrast to previous theories of steady state SLT, we have 
established that cavitons (a local depletion in the plasma density 
in which a high frequency field is trapped) are driven up by a 
quasi resonant nucleation[!] process by-the external radiation 
sources. The nucleation process is controlled by the nature of 
the low frequency density fluctuations and it is through this 
mechanism that SBS provides a control over SRS[2]. If the 
Langmuir ponderomotive force in the caviton dominates other low 
frequency forces, then the caviton collapses to small dimensions 
where the localized Langmuir mode.energy is converted to hot 
electrons on a time scale short compared to an ion acoustic time 
scale. The now empty cavity relaxes until nucleation again 
becomes efficient. 

Besides successfully explaining the observed[3] coupling of SRS 
and SBS we have also explained much of the large experimental base
of HF heating[4,5] using SLT. 

•• 

[l] G.D. Doolen, D.F. DuBois and H.A. Rose, PRL 54, 804(1985).
D. Russell, D.F. DuBois and H.A. Rose, PRL 56,838(1986).

(2] H.A. Rose, D.F. DuBois and B. Bezzerides, PRL 57,2022(1986). 

[3] C.J. Walsh, D.M. Villeneuve and H.A. Baldis, PRL 53,1445
(1984).
D.M. Villeneuve, H.A. Baldis and J.E. Bernard, PRL 59,1585
(1987).

[4] P.Y. Cheung, D.F. DuBois, H.A. Rose, D. Russell, J. Santoru,
T. Tanikawa and A.Y. Wong, "Short Time Scale Evidence for
SLT During HF-Heating of the ionosphere", submitted to
PRL. 

[5] D.F. DuBois, H.A. Rose and D. Russell, "Excitation of SLT
by HF Heating of the Ionosphere: Cavitons vs. Parametric
Instabilities" - in preparation.
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ABSORPTION IN HIGH-Z TARGETS ILLUMINATED WITH 527nm LASER LIGHT 
AT HIGH INTENSITY USING INDUCED SPATIAL INCOHERENCE 

J.D. Simpson, E.F. Gabl, R.A. Bosch, B.H. Failor,
J.M. Stiegman, J.L. Thornburg, G.G. Ganger

KMS Fusion, Inc., P.O. Box 1567, Ann Arbor, Mi. 48108 

ABSTRACT 

In order to attain the target illumination uniformity required for 
high gain laser fusion, an optical technique called Induced Spatial 
Incoherence (ISI) has been proposedl to produce highly uniform laser 
beam profiles. Previous studies using this technique have indicated 
an increase in x-ray yield and a corresponding decrease in laser 
backscatter ( increased absor_ption), for low-z targets at 527nm and 
low intensi ty2 ( < 1014 W/cmZ), and high-z targets at 1050nm and 
moderate intensi ty3 ( 1-2xlo 14 wicm2). In our experiments, 52 7nm 
absorption for ISI and non-ISI illumination of high-z targets over 
the 0. 5-3xlo 14 W/cm2 intensity range, was measured using a custom 
designed 30cm diameter light integrating sphere. In order to 
produce ISI and non-ISI data for comparison, we irradiated a large 
number of 180 um diameter gold disks with 0.5-1.5ns pulses, with 
echelons in the beam path with and without bandwidth. The incident, 
scattered, and transmitted energy components were measured using 
volume absorbing calorimeters outside the target chamber, and 
photodiodes on the sphere equator. Sphere calibrations were done at 
regular intervals throughout the campaign to• track sphere 
degradation and insure acurate scattered light measurements. Results 
indicate a clear systematic increase in absorption of 5-10% over the 
range of observed incident intensities, and are consistent with 
results reported earlier for low-z and long wavelength studies2, 3.
Moreover, the data suggest that there is a weaker dependence of 
absorption on intensity, over this intensity range, for ISI 
illuminated targets than for non-ISI. The presentation will include 
target shot and calibration data, as well as some discussion of 
integrating sphere performance and accuracy. 

This work was supported by the U.S. Department of Energy. 

******************** 

1./R.H Lehmberg and S.P. Obenschain, Opt. Commun. 4 6, 27 (1983) 

2./S.P. Obenschain et. al., Phys. Rev. Lett. 56, 2807 (1986) 

3./D.R. Kania, P. Bell, and S.P. Obenschain, SPIE 9 13, 98 (1988) 
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"IMPROVEMENTS TO ENERGY AND POWER BALANCE ON OMEGA" 

R. L. Keck, W. D. Seka, S. Letzring, S. Morse, J.M. Soures 

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623-1299 

Abstract 

The on target energy and power balance of the OMEGA laser has recently been improved 

by incorporating changes to crystal tuning, beam energy balancing, and transport optics 

measurement. These changes include: improved control of the input polarization to the 

frequency conversion crystals, a computer assisted crystal tuning procedure and automated 

temperature compensation system, beam energy balancing using a computer automated 

closed loop energy distribution system, and laser to target transport optics transmission 

measurements using a chopper stabilized ratiometer system. In addition, a technique for 

quantitative evaluation of on-target energy balance using x-ray pinhole photographs has 

been implemented. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under 
agreements No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the 
Laboratory for Laser Energetics." 
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19-23 June 1989

"Energy, Power Balance, and Irradiation Uniformity 
on OMEGA" 

W. Seka, R.L. Keck, S. Letzring, S. Morse, and J.M. Soures
LABORATORY FOR LASER ENERGETICS 

University of Rochester 
250 East River Road 
Rochester, NY 14623 

Abstract 

We discuss the important contributing factors to energy and power balance and the 

on-target irradiation uniformity on OMEGA. An intensity nonuniformity on target of 1 to 2 

percent rms implies not only a commensurate energy balance in the UV but also power 

balance in the UV, i.e. equal UV pulse shapes in all 24 beams as well as equal on-target 

foot prints of all beams. These conditions can only be met if the laser is operated very 

close to IR energy balance with minimal pulse shape distortion in the amplifier chain 

followed by very nearly perfect frequency tripling in all beams. An analysis of OMEGA's 

past performance identified a number of problem areas most of which have since been 

corrected. Power balance is typically most difficult to ascertain at early times during the 

pulse if imperfect frequency conversion or other nonlinear effects are compensated for by 

adjusting the IR input energy to the crystals. Under the best conditions, we estimate from 

simulated pulse shape analysis that the present power balance on OMEGA ranges below 5 

to -6% rms over the entire pulse. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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ANTICIPATED IMPROVEMENT IN LASER BEAM UNIFORMITY USING 

DISTRIBUTED PHASE PLATES WITH QUASI-RANDOM PATTERNS 

R. Epstein and S. Skupsky

LABORATORY FOR LASER ENERGETICS 

University of Rochester 
250 East River Road 
Rochester, NY 14623 

Abstract 

The uniformity in focused laser beams, that has been modified with distributed 

phase plates (DPP's), can be improved further by constructing patterns of phase elements 

which.minimize phase correlations over small separations. The size and wavelength of the 

nonuniformity is determined largely by correlations between phase-plate elements. Long

wavelength nonunif ormities in the intensity distribution, which are are relatively difficult to 

overcome at the ablation surface by thermal smoothing and in the laser by, e.g., spectral 

dispersion (SSD), result from short-length correlations in the DPP pattern. We have 

constructed phase patterns with smaller short-range correlations than would occur 

randomly. Calculations show that the long-wavelength nonuniformities in single-beam 

intensity patterns can be reduced with these masks. We will show how the degree of 

improvement depends on the intrinsic phase error of the beam. In the quasi-random 

patterns considered, low values of the phase correlation are obtained, regardless of which 

portion of the DPP is included in the average. As a result, the phase plates are tolerant to 

an appreciable level of phase nonuniformity in the laser output. We will also show the 

effect of this improvement on the uniformity of spherical illumination by multi-beam 

systems. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 

for Laser Energetics." 
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19th Annual Anomalous Absorption Conference
Durango, Colorado 

19-23 June 1989

IMPROVED LASER-BEAM UNIFORMITY USING THE ANGULAR 
DISPERSION OF FREQUENCY-MODULATED LIGHT 

S. Skupsky, R.W. Short, T. Kessler, R.S. Craxton, S. Letzring, and J.M. Soures

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

A new technique is presented for obtaining highly smooth focused laser beams. This 

approach is consistent with the constraints on frequency tripling the light, and it will not 

produce any significant high-intensity spikes within the laser chain, making the technique 

attractive for the high-power glass lasers used in current fusion experiments. Smoothing is 

obtained by first imposing a frequency-modulated bandwidth on the laser beam using an 

electro-optic crystal. A pair of gratings is used to disperse the frequencies across the beam, 

without distorting the temporal pulse shape. The beam is broken up into beamlets, using a 

phase plate, such that the beamlet diffraction-limited focal spot is the size of the target. The 

time-averaged interference between beamlets is greatly reduced because of the frequency 

differences, and the results is a relatively smooth diffraction-limited intensity pattern on 

target. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 



A NONLINEAR THEORY OF THE MODULATIONAL INSTABILITY 

w. Rozmus
Department of Physics, The University of Alberta 

P.P. Goldstein 
Institute for Nuclear Studies, Warsaw, Poland 

A nonlinear theory of the modulational instability is analyzed by means 
of the nonlinear Schrodinger equation (NLS). The Rayleigh-Ritz variational 
method is applied to solve NLS equation; the spacially periodic trial 
function is constructed from the combination of Jacobian elliptic functions. 
The initial conditions correspond to the slightly modulated plane Langmuir 
wave. A system of ordinary differential equations which results from the 
principle of least action is derived to provide a basis for numerical and 
analytical calculations. 

The analytical criteria for the nonlinear steepening of the wave 
envelope and the periodic in time pulsation of the solution are derived. The 
results of the variational approach compare well with the results of direct 
integration of the NLS equation. 
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THE FILAMENT ATION OF TWO COUNTERPROPAGATING WAVES 

G.G. Luther, C.J. McKinstrie, and R.W. Short 

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

The filamentation instability of counterpropagating light waves is studied within the 

framework of two coupled nonlinear Schroedinger equations; one equation for each 

complex wave amplitude. Using standard methods of linear stability analysis, one can 

show that an absolute instability can arise for two waves whose individual intensities are 

both below the single-wave filamentation threshold. In addition, the coupled-wave system 

can be absolutely unstable even when the ratio of the backward-wave amplitude to the 

forward-wave amplitude is small. Such an instability may occur in the context of inertial 

confinement fusion when scattered light, or light reflected from the critical density surface, 

interacts with the incident light. While the Schroedinger-equation model is sufficiently 

general to apply to a host of relevant problems, only the preliminary results of this analysis 

for the ponderomotive filamentation of laser light will be presented. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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POWER QUANTIZATION AND FLUX-LIMITED FILAMENTS IN THE 
STATIC LIMIT 

Harvey A. Rose, D.F. DuBois and D. Russell 

Los Alamos National Laboratory Los Alamos, New Mexico 87545 

GS 

Most static models[l] of filamentation reduce to the cubically 
nonlinear Schroedinger(CNLS) equation in the limit of gentle gradients 
and weak field intensities. By gentle we mean slowly varying enough 
so that classical heat transport is accurate, but rapidly varying 
enough so that ponderomotive effects dominate thermal effects. Weak 
means that vosc/ve << 1 . 

In the mathematical soliton literature[2] it is well known that this 
Schroedinger equation has quantized soliton solutions which are 
unstable to collapse, i.e. finite "energy" singularities after finite 
development (temporal or spatial depending on the physical interpre
tation). The stationary or collapsing solitons have the same unique 
energy which in dimensionless units is of order 10, For the filamen
tation problem, this translates into approximately (Ncrit/No) mega
watts for each electron volt of plasma termperature. Except for Ncrit, 
this is independent of the laser properties. 

While the weakness ansatz which led to the above result is violated 
as collapse developes, the initial devlopement gathers this quantum of 
power which then plays the role of an effective boundary condition on 
subsequent development. The choice of other boundary conditions would 
be unphysical in the sense that you "can't get there from here", where 
"here" refers to an initially quiescent plasma. 

Prior to the breakdown of the weak field ansatz, the classical model 
of heat transport loses its validity. If one uses the model of 
Luciani etal[3], then in a physially appropriate heat flux limit one 
regains the CNLS in which the nonlinearity is boosted by a numerical 
factor of approximate magµitude lOOO*Z (Z is the charge state), and 
the quantum of power is thereby reduced by this factor. 

Aside from the uncertain validity of the above heat flux limit mod
el, static filaments may be dynamically unstable except for special 
regimes whose existence has not yet been demonstrated to the author's 
satisfaction. 

[1] C.E. Max, Physics of Fluids 19,74(1976).

[2] M.I. Weinstein, Comm. Math. Phys., 87,567(1983).

[3] J.F. Luciani, P. Mota, and R. Pellat, Phys. Fluids 28,835(1985).



Filamentation and Refraction* 
E. A. Williams 

Lawrence Livermore National Laboratory 

Livermore, CA 94550. 

By a modification of the WKB technique, the propagation of filaments in inhomogeneous plasma is studied. Numerical and analytical results are compared. The impact of these results on irradiation uniformity issues is discussed. 
* This work was performed under the auspices of the U. S.Department of Energy by the Lawrence Livermore NationalLaboratory under Contract No. W-7405-Eng-48.

G9 



19th Annual Anomalous Absorption Conference
Durango, Colorado 
19-23 June 1989

ENHANCED LASER PENETRATION AND SELF-FOCUSING IN LARGE 

SCALE UNDERDENSE PLASMAS 

E.M. Epperlein

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

The propagation of a 0.25 µm wavelength laser beam of Gaussian shape through a 

large ( ~ 1 cm) homogeneous high Z underdense plasma has been studied by means of the 

Fokker Planck code SP ARK and a standard fluid code. As a result of strong heat flux 

inhibition SP ARK predicts higher peak temperatures and lower minimum densities. This 

reduces the plasma opacity and allows for further penetration of the laser beam. The 

potential for thermal self-focusing is subsequently enhanced, giving rise to even greater 

beam penetration. Thus, the propagation of the thermal front is considerably greater along 

the direction of the laser though somewhat less in the perpendicular direction. The 

reliability of flux limiters to model such phenomena has been investigated. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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Intensity Structure l_ssues 

W. L. Kruer, Leader

"Mini-Presentations" by 

R. Jones

P. Young

A. Mostovych

S. Skupsky



The five minute mini-presentations include:
1. Roger Jones, Los Alamos National Laboratory, "SelfFocusing: What We Have Modeled and What We Needto Model." 
2. Peter .Young, Lawrence Livermore National Laboratory,"Filamen�ation Ex eriments - $ Versus Talks." 

 3. Andrew , Na val Research Laboratory, "E.ffectsof Beam Smoothing on Laser Plasma Coupling." 
4. Stanley Skupsky, University of Rochester, "Beam Uniformity Considerations for Direct Drive Implosions." 

* This work was performed under the auspices of the U. S. Department of Energy by the Lawrence Livermore NationalLaboratory under Contract No. W-7405-Eng-48. 

HR 
Review Discussion 

A Discussion of the Issue of 

Intensity Structure in Laser Beams* 

W. L. Kruer
Lawrence Livermore National Laboratory 

Livermore, CA 94550. 

Laser beams often have pronounced intensity struc
ture, which can be enhanced by interaction with the target 
plasma. The effects of this structure on laser plasma coupling, 
energy transport, x-ray conversion efficiency, and capsule im
plosions is a significant but poorly understood issue for ICF. 
Members of a panel will give mini-presentations on the role 
of beam structure, on filamentation and related phenomena, 
and on the advantages of laser beam smoothing. About half 
the time will be reserved for spirited interactions with the 
audience.
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A study of the effects of numerical damping 

on SATIN simulations of stimulated Raman scattering 

L.V. Powers

KMS Fusion Inc., P.O. Box 1567, Ann Arbor Ml 48106 

The SATIN code 1 solves the coupled mode equations which describe

SBS, SRS, and TPD in inhomogeneous plasma by an implicit finite difference 

method. A frequency decomposition about a nominal mode frequency w 

is employed for the high frequency modes, resulting in a difference scheme 

with numerical damping proportional to 8w5t and numerical dispersion error 

proportional to 8w2, where 8w is the shift from the nominal center 

frequency and 5t is the time step. The effect of the numerical damping on 

the mode evolution in the nonlinear regime is a concern. 

We have addressed this issue by implementing an implicit, second-order 

accurate, variable-damping difference scheme2 to solve the high frequency

mode equations. The coefficients of the explicit terms depend on a· user

specified parameter e which can take on values a� 0<2. The resulting 

numerical damping is given by 

" = -
n 

0 8w (2w+8w) 
--- (8w8t) 3

( 2 - 0) 2 
2 ( w+ 8 w) 

and the numerical dispersion is accurate to second order in 8w. The 

expected numerical properties of this scheme are verified by obseNing the 

damping of uncoupled modes as a function of the parameter 8w5t. 

Spectra of SRS-scattered light and Langmuir waves associated with SRS are 

compared for various values of the damping parameter, and are compared 

to results from the first-order scheme. 

l. L.V . .Powers and R.L. Berger, Bull. Am. Phys. Soc. 30, 1527 (1985).

2. Alex Friedman, 'A Second Order lmpllclt Particle Mover with Adjustable Damping',

UCRL-99075 (1988).
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1-D non linear SRS/SBS behaviour with Langmuir and

sound wave coupling (in inhomogeneous plasma)

G. Bonnaud, D. Pesmet

Commissariat a l'Energie Atomique, Centre dEtudes de Limeil 

94195 Villeneuve st Georges Cedex, France 

R. Pellat

Centre de Physique Theorique, Ecole Polytechnique, 91128 Palaiseau Cedex, France 

Simulations have been performed with a 1-D wave-coupling code (CHEOPS) in order 

to investigate the stimulated Raman scattering (SRS) behaviour in a plasma with an 

inhomogeneous density. The long time behaviour of the SRS / SBS coupling has been 

studied by means of a density profile perturbed by steady-state ion acoustic wave (IA W) 

fluctuations driven by SBS. The results depend remarkably upon the IA W spectrum and 

amplitude; a 10% density modulation in a 2 Ke V plasma is found to induce absolute SRS

growth in under quarter-critical plasma. The correspondence between the space pattern for 

SRS growth and the frequency spectrum of the backscattered light is studied; a broad 

IA W spectrum is found to be necessary for giving rise to intense peaks in the spectral 

range 0.55-0.65 CD(). The dependence of these results upon the laser irradiance and density 

scale length is discussed. 

Reference: G. Bonnaud, State Doctorate Thesis, Paris XI University (1989 march) 

t Permanent address: Centre de Physique Theorique, Ecole Polytechnique 

91128 Palaiseau Cedex, France 
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Backward and Forward Raman Scatt.cring in long 
preformed plasmas 

F. Amiranoff, C. Labaune, C. Rousscaux, G. Matthieussent*

L.U.L.1 Ecole Polytechnique 91128 Palaiseau Cedex Pranc:e
:t-Laboratoire P.G.P. Universit.c Paris XI 91405 On::ay Cedo: l"rancc 
Equipes associees au Centre National de la Recherche Scientjfique 

The. scattering of high intensity laser beam in long and 
homogene.ou/il underdense plasmas through Brillouin and Raman 
processes can be a problem for future thermonuclear targets. It can lead 
to the reflection of laser light and to the production of high energy 
electrons. 

A long uniform undcrdense plasma is created by irradiation of a 
thin plastic foil (). = 0,53 �m1, 't;;:: 500 ps, I = 1013 W /crn2 ), the first laser 
beam is focuse.d along a 2 mm long Jine. The main laser beam 
( ;... == 0,53 µm, 't;;:; 500 ps, I - 1015 W/cm2 ), with an adjustable delay 
interacts along this preformed pla:rnrn. \Ve prc��nt time- rc:;olved £pectr� 
of Brillouin hf-lr.ksc:�tttering. forward and backward Raman scattering. 
Diode signals are analysed to give a measurement of the amount of 
scattering for each process. This amount of scattering is compared to the 
one obtained on imploded foils. 
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Further experimental study of fl.lamentation in laser-produced plasmas"' 

P. E. Young, H. A. Baldis0>, E. M. Campbell, K. G. Estabrook 
Lawrence Livermore National Laboratory, USA 

Abstract 

We have continued an experiment, reported earlier1
, in which we stud

ied ponderomot1ve filamentation in a laser-produced plasma. The filament
driving beam has a striated intensity profile which allows for identification 
of density perturbations using schlieren and interferometry. Earlier results 
have shown evidence of ponderomotive filamentation and have indicated 
instability thresholds consistent with a simple homogeneous plasma the
ory. We will present more extensive results in which the peak density 
and electron temperatu�e of the pre-formed plasma are varied by chang
ing the energy and du�ation of the plasma-forming beam. By varying the 
probe beam time relative to the filament driving beam from shot to shot 
we have investigated the growth of the filaments. The wavelength of the 
driving beam has also been systematically varied to investigate its effect 
on filament growth. We have compared filament growth in converging and 
diverging beams. Filamentation has been observed in both overdense and 
underdense plasmas. 

"'Work performed under the auspices of the U. S. Department of Energy 
by the Lawrence Livermore National Laboratory under contract number 
W-7405-ENG-48.
0

) National Reaearch Council of Canada, Ottawa, Ontario, Canada 
1 P. E. Young, et al., Phys. Rev. Lett. 61, 2336 (1988). 
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Investigation of Flicker via a Simple Analytical Model* 

S. V. Coggeshall, R. D. Jones, W.  C. Mead

Los Alamos National Laboratory 

Flicker is a dynamic form of laser-plasma self-focusing caused by the 
continual interaction of small density fluctuations with the laser focusing. 
Under certain conditions, laser hot spots (beam imperfections or filaments) 
can cause, through thermal and/ or ponderomotive effects, local plasma den
sity fluctuations which can both propagate and convect. As these perturba
tions move toward the laser, they cause small angle deflections of the light 
which can shift the positions of the hot spots. New density fluctuations are 
then produced and the process is self-perpetuating. 

LASNEX simulations of reactor-scale plasmas show flicker can occur 
and cause significant intensity multiplication (> x 10), with implications 
for hot electron production and x-ray conversion efficiency. The dynamic, 
unpredictable ( chaotic?) nature of the time and spatial distribution of the 
laser deposition has implications for illumination symmetry in both direct 
and indirect drive. 

vVe present LASNEX calculations showing the evolution of the phe
nomenon and introduce a simple, semi-analytic model which contains the 
feedback of density fluctuations with light focusing. Using this model, we 
investigate the mathematical properties of the interaction as well as the de
pendence of the growth/ decay time on the interaction parameter. 

*Work supported by U. S. D. 0. E.
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11 Shine-Through 11 

Early-Time Phenomena in Laser Fusion Targets. 

T. Boehly, D. Bradley and J. Delettrez

LABORATORY FOR LASER ENERGETICS 
University of Rochester 

250 East River Road 
Rochester, NY 14623 

Abstract 

The intense laser light used in laser fusion normally interacts with the pl_asma 

formed at the surface of the target. Before the establishment of this plasma, the laser light is 

incident on the solid surface and may propagate into the target. It has been suggested that 

this early time "shine-through" and the resultant energy deposition may create non

uniformities and act as a seed for instabilities, resulting in a breakup of the target shell. We 

present results of experiments in which both glass and polymer targets were irradiated with 

600 ps. pulses of 351-nm laser light focused to intensities of 1012-1014 W/cm2 by an f/3 

lens. A similar lens at the rear side of the target was used to image the transmitted light onto 

the slit of a streak camera (time resolution) and onto film (spatial resolution). Our streak 

camera results show that both glass and plastic ·targets transmit the early portion of the laser 

pulse before becoming opaque. We have measured this cut off point for a range of 

materials and coatings and have also made estimates of the total integrated energy which is 

transmitted during the initial stage of the laser pulse. 

To mitigate the effect of "shine-through" we have coated planar and hemi-spherical 

targets (made of either glass or polymers) with various layers. We present the results of 

this study and s4ow the effect of various overcoatings which reduce the shine-through to 

acceptable levels. 

"This work was supported by the U.S. Department of Energy Division Of Inertial Fusion under agreements 
No. DE-FC03-85DP40200 and by the Sponsors of the Laser Fusion Feasibility Project at the Laboratory 
for Laser Energetics." 
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Effects of Jetting Instabilities on Ablation of High-Z Disks: 

The Role of Radiation Cooling Instability 

W. B. Fechner and N. D. Delamater 

KMS Fusion, Inc. 

Ann Arbor, Michigan 48106 

Recent KMS gold disk experiments for AL = 0,53 µm and AL = 0.35 µm

have demonstrated the formation of "cold" jets, which are so called 

because they appear in the parts of the corona corresponding to lower 

laser intensity. Such jets could adversely affect the symmetry of 

target irradiance. We present 1-D and 2-D simulations aimed at 

understanding the formation and filling effects of cold jets. The 2-D 

calculations are performed with HYRAD, a Lagrangian hydrocode with ray 

tracing, flux limited heat flow, LTE and non-LTE equations of state 

(E0S), optically thin radiative energy loss and no radiation transport. 

The 2-D calculations will model cold jetting via at least one class of 

instability, a "radiation cooling" instability. The 1-D simulations 

will be performed with DELPHI, a Lagrangian hydrocode with LTE and non

LTE E0S, radiation transport and flux limited heat flow. DELPHI will be 

used primarily to normalize the energy balance in HYRAD as a function of 

laser intensity. 
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Modeling and Physical Study of Confined Laser-Matter Interaction 

Jean Virrnontl .3, David Devaux2,3, Remy Fabbro2,3, and Jean Fournier4. 

1. Laboratoire P.M.I., Ecole Polytechnique, 91128 Palaiseau cedex, France.

2. Laboratoire L.U.L.I., Ecole Polytechnique, 91128 Palaiseau cedex, France.
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3. Laboratoire L.A.L.P., C.R.E.A., 94114 Arcueil cedex, France.

4. P.S.A. Etudes et Recherche, Centre technique Citroen, 78140 Velizy, France.

1, 2, 3: Laboratoires du C.N.R.S.

Results are presented concerning the laser matter interaction at intensities around 109 to 

1011 W/cm2, for metallic targets covered by a transparent layer. 

The laser wavelength is 1.06 µm, and the pulse length ranges from 0.6 to 30 ns. The 

experimental results include (1) momentum, pressure, and absorption measurements, vs. laser 

pulse intensity and duration, and (2) time resolved measurements of pressure, absorption, and 

optical emission. 

The modeling is done with a 1 D laser code, using Sesame equations of state. It evidences 

the propagation of a detonation wave into the transparent medium, towards the laser. The numerical 

results reasonably fit the varous experimental measurements. 



ABSTRACT SUBMITTED 

FOR THE 19TH MEETING OF THE 

ANOMALOUS ABSORPTION CONFERENCE 

JUNE 19-23, 1989 

BEAM-PIASMA INSTABILITIES IN A DENSE HELIUM PIASMA FOCUS* 

F. Begay and I. Lindemuth, Los Alamos National Laboratory

The performance of a dense helium plasma focus has been computed using 

the two-dimensional computer code MHRDR (Magneto-Hydro-Radiative-Dynamics 

Research). Results from the computation will be used to interpret 

experimental results form the University of Maryland plasma focus device [1]. 

Comparative analysis of the data such as the electron and ion temperature 

and electron density from the model and the experiment will be reported. 

Electron current and velocity distributions from the computations will be 

used to analyze the role of beam-plasma instabilities in these plasmas. The 

beam-plasma instabilities can explain the occurrence of measured plasma 

oscillations in these plasmas. 

Dynamic stark emission spectroscopy was used to measure the frequency and 

intensity of the plasma oscillations. Plasma spectroscopy was used to 

determine the electron and ion temperature. The moire-schlieren technique was 

used to measure the electron density. 

*Work supported by the U. S. Department of Energy.

1. F. Begay et al., Bull. Am. Phys. Soc. TI, 2053 (1988).
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Abstract for the 
19th Annual Anomalous Absorption Conference 

19 June - 23 July 1989 

2-D simulations of frequency upshifting of
EM radiation using a suddenly created plasma

S.C. Wilks, J.M. Dawson, C. Joshi,
W.B. Mori and A. Banos

Department of Physics 
University of California 
Los Angeles, CA 90024 USA 

It has been proposed that suddenly ionizing a gas in the presence of a 

monochromatic electromagnetic source wave would cause the frequency of that 

wave to increase. It is also found that a time-independent, stationary B-field 

results. Previous 1-D results have been encouraging. In this poster, we address 

the following issues: 1.) What happens to the upshifted radiation, and the 

trapped B-field if the plasma ionizes, not "instantaneously" but, over several 

periods of the source wave?, and 2.) How does the inclusion of a (second) 

transverse dimension modify the 1-D results? To answer the latter, we simulate 

various TM and TE modes in a 2-D rectangular waveguide. Finally w.e begin 

to test this model and compare with some recent experiments that may have 

already observed this phenomena, and discuss a currently proposed experiment. 
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Abstract for the 
19th Annual Anomalous Absorption Conference 

19 June - 23 July 1989 

Relativistic Wave Particle Interaction 

R. Williams, C.E. Clayton, C. Joshi

T. Katsouleas and W.B. Mori

Department of Physics 
University of California 
Los Angeles, CA 90024 USA 

The trajectories of relativistic electrons injected into the potentials of 3-D 

relativistic plasma waves have been calculated using numerical techniques. In 

particular, we have analyzed in detail the influence· of the radial focusing and 

defocusing fields on the injected electrons. For a plasma wave of given ampli

tude (accelerating field - accelerating length producer) we calculate the energy 

spectrum and angular distribution of the accelerated electrons. These results 

are applicable to current beat wave acceleration experiments at UCLA and else

where and to the wake field acceleration experiments at ANL. 

Work supported by the Department of Energy Contract DE-AS03-83-

ER40120 and Grant DE-FG03-87-ER13752, Office of Naval Research No. 

N00014-86-K-0585 and Lawrence Livermore National Lab: P.O. #2164803. 
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Abstract for the 
19th Annual Anomalous Absorption Conference 

19 June - 23 July 1989 

The Generation of Tunable Radiation 
Using a Relativistic Ionization Front 

W.B. Mori 

Department of Physics 
University of California 
Los Angeles, CA 90024 USA 

It is shown that if a light pulse is reflected from a relativistic ionziation 

front it is simultaneously upshifted in frequency and compressed in duration. 

The reflection and transmission coefficients are calculated. We find that if the 

frequency of the incident radiation in the fronts frame ( cof) is less than the 

plasma frequency ( cop) then most of the .incident energy remains embedded in 

the plasma behind the ionization front as a static magnetic field. On the other 

hand, when cof> cop most of the energy propogates through the newly formed 

·plasma. Examples will be presented.

Work supported by Department of Energy Grant No. DE-FG03-

87ER13752. 
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IONIZATION BALANCE 
STUDIES IN ·20 ps 

LASER-PRODUCED ALUMINlJM 
PLASMAS 

R.L. Shepherd,
D.Eder,

D. Matthews, C. Keane,

J. Kennedy, T. Phillips,
A. Osterheld,
R. Stewart,

Physics Division, 
Lawrence Livermore National Laboratory 

G. Charatis, G. Busch, B. Bosch,

E. Gabl,
K.M.S. Fusion, Inc.)
Ann Arbor-, lviich.,

A.pril 13� 1989

Recombin;;.t.j,.,n X•,tcy lMer schemes are currently being studied be• 
cause of th';) pot�ntial of scaling them to shorter la.sing wa.vehngths. 
Jn Sil th �cherne£, th� plasma ions must strip rapidly, creating a highly 
J1r!l'l-�qtiilibri11m plasma, then cool without drn.stically reducing the 
panic.le density. The plaama.s created in this experiment arc designed 
to study the atomic and hydrodynamic physics of recombination plas
mas. The plasmas were generated using a 4 to 9 J, 20 ps, fre
quency doubled 1 µ m laser pulse focussed to produce intensities of 
2.5 x 1014 

- 2 X 1015 Watt�/cm2
• A variety of target geometries were

used in order to vary the hydrodynamic conditions. Pulse width and 

beam profile data were collected on every shot to monitor the effects 
of beam quality. Time resolved spectral da.ta. were collected using a 
KAP crystal with a K�r1.tech X-ray streak c.a.mera. A small spectrom
eter was also used to collect spatially resolved, time integrated data. 
Four frames of UV holographic interferometry data wuru takl,)ll of the 
expanding plume with 20 ps temporal resolution. Finally, the reflected 
laser energy was measured as a function of angle with PIN diodes. A 
general surnrnary of the data and the experiments will be presented. * 
This work was performed under the auspices of the U.S. DepcJ,rtment 
of Energy by Lawrence Livermore National Laboratory under contract 
No. W-7405-Eng-48. 
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Abstract Submitted 
to the 

1sth Anomalous Absorption Conference

Pico-second laser generation of harmonics and fluorescence 
in Noble gases. 

Cami lo C. Gomez and Rolf M. Sinclair+ (LANL) 

We have measured the fluorescence and harmonic spectrum from 
high density samples of noble gases i I luminated with a sub
picosecond laser. The gas samples were provided by a pulsed 
valve giving densities on the order of 10 1 7 - 10 19 /cc. The
laser used was the Los Alamos Bright Source with 20 mJ at 
248 nm; the pulse length for the measurements varied between 
700 and 300 fsec. The spectroscopy was performed with a XUV 
flat-field spectrograph with coverage from 10 - 100 nm 
viewing the sample at o

0 or 90° to the laser beam. The gases
used have been Xe,Ar,Kr,Ne and He. Stron� fluorescence is 
found for t he h i g her z e I em en ts ( Xe , Ar , Kr ) w h I I e I i t t I e i f 
any for the lower Z elements (Ne and He). The harmonics 
(preferentially emitted in the foward direction) show a very 
different behavior: the lower Z elements display a much 
higher relatl'1e conversion efficiency for the higher 
harmon I cs ( > 5) than the h I gher Z e I ements. Deta i I ed 
resu I ts w I I I be presented. 

+ Permanent address: National Science Foundation, Wash. D.C.

Work supported by the U.S.D.O.E. 
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Frequency Shifts of Picosecond Laser Pulses in High Density Plasmas* 

0. L. Landen, D. G. Stearns and E. M. Campbell

Lawrence Livermore National Laboratory

P.O. Box 808 MIS L-473 

Livermore, California 94550 

Abstract 

The spectral modification of a probe picosecond laser pulse after reflection from a 
transient, expanding, high density preformed plasma is presented. Spectra are measured a 
a function of probe intensity, angle with respect to the target normal, polarization and 
previously inferred plasma density scale-length.1 Blue shifts of up to l0A are observed. 
The reflected spectra are modelled by considering several frequency shift mechanisms: 
plasma Doppler shift,2 plasma flow through the turning point,3 self-phase modulation of 
the probe beam upon ionization,4 and displacement of the turning point upon ionization. 

1.) 0. L. Landen, D. G. Steams and E. M. Campbell, "Measurement of the
Expansion of Picosecond Laser Plasmas Using Resonance Absorption
Spectroscopy" submitted to Phys. Rev. Lett.

2.) H.M. Mitchberg, R.R. Freeman and S. C. Davey, "Behavior of a Simple Metal
under Ultrashort Pulse High Intensity Laser Illumination" SPIE Proce�ngs,
Vol. 913 High Intensity Laser-Matter Interactions (1988) p. 159.

3.) T. Devandre, J. R. Albritton and E. A.Williams, "Doppler Shift of Laser Light
Reflected from Expanding Plasmas" Phys. Fluids 24 (1981) p. 528.

4.) W. M. Wood, G. Focht and M.C. Downer, "Tight Focussing and Blue Shifting of
Millijoule Femtosecond Pulses from a Conical Axicon Amplifier" Opt. Lett. 13
(1988) p. 984.

*Work performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract number W-7405-ENG-48.
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Laser matter interaction with a 1 ps laser pulse 

J.C. Kieffera, P. Audebertb, M. Chaker, J.P. Matte, H. Pepin

INRS-Energie, C.P. 1020, Varennes, Quebec, JOL 2PO, Canada 

P. Mainec, D. Stricldandd, P. Bado, G. Mourou

Ultra Fast Science Lab., Univ. of Michigan, Ann-Arbor, U.S.A. 

We present numerical calculations of the interaction of 1 ps laser pul

se with solid matter at high intensities. An electromagnetic field solver 

has been developed to obtain the energy deposition profiles in short gra

dient scale lengths plasmas. These calculations are used to infer the 

variations of the density gradient scale length • with intensity from absorp

tion data obtained with a 1 ps, 1.06 µm Table Top Terrawatt laser. Simple 

scaling laws for the plasma parameters will be discussed. The solver has 

also been used with a 1D hydrocode to calculate the density and temperature 

profiles of a plasma produced by a high intensity 1 ps laser pulse with and 

without 30 ps low intensity (10·3) prepulse. Ionization and Emission (for 

an Al plasma) are calculated with a non L.T.E. time dependent atomic phy

sics. Experimental data on absorption and X-ray spectroscopy are discussed 

in the light of these numerical results. 

a) On leave from Univ. P. Sabatier, UA277 du-CNRS, Toulouse, France.

b) Present address: Ecole Polytechnique, Labo PMI, Palaiseau, France

c) Present address: Quante! France, Paris, France

d) Present address: N.R.C. Div. of Physics, Ottawa, Ontario, Canada.
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EFFECT OF SPIN ON THE ELECTRON-ION SCATTERING AND HEATING 

RATE OF A PLASMA IN A VERY INTENSE LASER FIELD 

SHAHID RASHID 

RPO 9888, P.O.Box 5063 
New Brunswick,N J 

An exact Volkov state solution of the minimally coupled Dirac equation is used to 
calculate the transition rate dR of an electron scattering via a stationary ion in the 
presence of a very intense laser field. The Coulomb (shielded) interaction is treated as 
a perturbation in the Born aproximation. Because we are considering high intensity 
laser field and soft photons, we treat the coherent laser field classically. The question of 
the electron coupling or decoupling with the laser field is avoided since we assume the 
final and initial states to be quasifree. This picture is incorporated into the transition 
rate and a modified Maxwellian distribution is developed. The differential cross section 
has spin dependent terms. Together with the modified Maxwellian distribution, the 
heating, W, oft he isotropic part of a quasifree neutral plasma is calculated. In order to 
simplify, an important transformation is used in the heating rate, vV. A new correction 
factor, F*, is defined to take into account the mass shift of the electron due to the 
intense laser field. For knT > lkeV and I< l016 vV/cm2

, a spin dependent term is 
discovered, given by 

where a new correction factor is defined. This results in a new term not previously 
known. This effect would be possible to measure with present day laser systems. 

1 

H18 



Invited Talk ( 30 minutes) 

Recent Progress of Beam-Plasma Interaction Experiments with 
Heavy Ion Beams 

Dieter H.H. Hoffmann 

GSI-Darmstadt Postfach 110552, 
D-6100 Darmstadt, Germany

Inertial confinement fusion (ICF) requires a very high-power-density deposition of 
driver energy in fusion pellets. In addition to high power lasers and intense light ion 
beams, intense heavy ion beams offer an interesting alternative to induce the high energy 
density in small samples of matter, necessary to drive a fusion pellet or to create a high 
density plasma environment. With the· completion (scheduled for 1989) of the new 
SIS/ESR accelerator facility at GSI high energy and high intensity heavy ion beams will 
be available, and open the possibility to heat matter to high temperatures, and reach 
regimes of pressure and density that are otherwise· not easily accessible on a laboratory 
scale. 

High energy heavy ion beams, as they are currently available at the GSI UNILAC are 
too low in intensity to create a sufficiently dense and hot target plasma in solid matter. 
Therefore the present experimental program using the heavy ion accelerator at GSI is 
designed to provide a basic understanding of beam plasma interaction processes. The 
two major experiments are: 

The Z-Pinch Target Experiment to measure the energy loss and charge state distribution 
of heavy ion beams traversing a hydrogen plasma, and 

Target experiments, using the intense low energy heavy ion beam from the RFQ 
accelerator to produce heavy ion induced plasmas in gaseous targets. 

Results of the z-pinch experiment show a pronounced enhancement of the of the 
energy loss of heavy ions in a· hydrogen discharge plasma. Compared · to cold matter at 
the same density we find that in a plasma with a high degree of ionization the energy loss 
is enhanced by more than a factor of two. Measured stopping powers are in good 
agreement with theoretical predictions for the energy loss of heavy ions in a hydrogen 
plasma. 

The intense heavy ion beam from the RFQ accelerator section has been made available 
for target experiments. At 45 keV/u it provides a total power of 15 kW and we are using 
it to irradiate targets and heat them to plasma temperatures, and measure the plasma 
parameters, temperature and density, as a function of time and input power. Different 
targets were irradiated to investigate the behavior of heavy ion driven plasmas. New 
techniques were developed in diagnosing density, temperature and degree of ionization 
of these plasmas. The results were compared to hydrodynamical model calculations. 

I I 
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Abstract to the 19th Anomalous Absorption Conference 
June 19-23

1 
1989, Fort Lewis College Durango Colorado 

Study of preheat by time resolved X-UV imaging of laser illuminated 
thin foils 

R. Benattar & V. Malka, LULi Ecole Polytechnique
91 'l 28 Palaiseau cedex, France 

We present a diagnostic of temperature measurement of the rear side 
of laser heated thin foils of aluminium by laser at 0.26p m. 

11 

The images of the thin foils are recorded with X-UV Schwartzchi!d 
microscopes at several wavelengths. We determine the temperature by 
doing the ratio of two wavelength emissions at �0 and 40 eV, assuming 
that the backside emits radiation like a blackbody. Temperature is 
determined with respect to the foil thickness varying between 5 to 20 
�1m. X•ray preheat ls demonstrated. 



Singular Value Decomposition Applied to a Plasma Diagnostic 

J. F. McGrath 

KMS· Fusion, Inc. 

Ann Arbor, MI 48106 

Film images of a radiating plasma provide important diagnostics for 

laser-plasma interaction studies. Under the assumption that the plasma is 

radially symmetric, a slice of the data perpendicular to the axis of 

symmetry represents a cross-sectional image of the plasma. The film density 

readings are values of the Abel transform of the radiation profile.  

The numerical solution for the radiation profile of the plasma involves 

the inversion of the Abel transform. The optimal solution to this first 

kind integral equation is provided in terms of the singular vectors that 

correspond to the significant singular values of the discretized linear 

transform. An example using data from an x-ray streak camera illustrates 

the method. 
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1-D AND 2-D FOKKER-PLANCK SIMULATIONS OF EARLY-TIME ENERGY

DEPOSITION AND TRANSPORT IN LASER -PLASMA EXPERIMENTS 

G.J. Rickard,  I.R.G. Williams, and A.R. Bell 
Imperial College, Prince Consort Road, London SW7 2BZ 

Both one- and two-dimensional Fokker-Planck codes have been used to 

investigate ablation and absorption in laser-plasma experiments at early times ( � 20psecs). 

In this regime the spatial gradients are of the order of an electron mean free path, and 

the distance between the critical and ablation surfaces is of the order of the laser 

inhomogeneity wavelength. The ions are modelled using Lagrangean and Eulerian 

hydrodynamics in 1-D and 2-D respectively. The variation of ablation pressure with laser 

intensity and the smoothing of the laser inhomogeneities have been studied. The results 

have been compared with 1-D and 2-D hydrocodes using the Spitzer conductivity. It is 

found that there are significant differences between the two models in this regime. In 

particular, the Fokker-Planck ablation pressure scales less strongly with incident intensity 

than does the Spitzer pressure. The implications of these results for laser-driven fusion 

experiments will be discussed. 
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Effect of Laser Beam Hotspots on Parametric Instabilities 

in Non-uniform Plasmas 

R. L. Berger

KMS Fusion, Inc. 

Ann Arbor, MI 48106 

High power laser beams have large nonuniformities in intensity 

(hotspots) either naturally or deliberately induced by such schemes as 

induced spatial incoherence1 or random phase masks. The nonuniformities

are typically longer in scale along the laser propagation direction than 

perpendicular to this direction. These effects are complicated if the 

hot spots move on the time scale of the instability growth rate. Using 

numerical simulation of the instability in two dimensions, we calculate 

thresholds and growth rates for parameters of interest. 

* Work performed under the a�spices of the U.S. Dept. of Energy by KMS

Fusion, Inc. under contract DE-AC03�87DP10560. 

1. S. P. Obenschain, et al., Phys. Rev. Lett. 56, 26, 2802
(1988).
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Ion Acoustic Decay Instabilities in 
Laser-Produced Plasma· 

K. Mizuno, P. E. Young+, W. Seka++, R. Bahr++,
J. S. De Groot, R. P. Drake+, and 

K. G. Estabrook+ 

Plasma Physics Research Institute and Plasma Research Group, U.C .. Davis, 
LLNL +, and LLE++ (U. of Rochester) 

Microwave experiments, and computer simulations have shown that the Ion Acoustic 
Parametric Decay Instability (IADI) can produce a significant number of hot electrons in a 
large scale plasma. These hot electrons are a concern in proposed inertial confinement fusion 
(ICF) studies because they can preheat the target and degrade compression. The ion wave 
turbulence excited by IADI will also be a source of anomalous resistivity, so that the thermal 
electrons are strongly heated due to anomalous Joule heating. We have extensively studied the 
IAOI in laser-pellet interactions. 

The experiments are performed using the GDL and Omega laser facilities at LLE, and the 
Janus (Phoenix) and NOVA laser facilities at LLNL. The laser is incident normally onto a planar 
target (CH, Al, MO, and AU of 50 µm thickness) with a 1 ns FWHM Gaussian pulse and a 
maximum energy of 120 J. The IADI is studied by monitoring the Stokes sideband of the 
backscattered (45 degree) spectrum near the second harmonic of the laser light. The time 

. resolved spectrum is obtained using an LLNL streak camera combined with 1/2 m 
monochrometer (resolution of 1A and 30 psec). 

A well defined Stokes mode excited by the IADI is observed. The threshold decreased as 
the laser spot size increased. The threshold values reached homogeneous-plasma collisional 
values, and are quite low (4 ~ 5) x 1012 w/cm2 , and (2 ~ 3) x 1013 w/cm2 for 1 and 1 /2 µm 
lasers, respectively. The results are in agreement with LASNEX calculations with a flux limit 
of f = 0.1. We have also shown that the ionic charge state Z can be measured using the IADI 
signal without resorting to complicated atomic physics models. The measured v�lues of Z agree 
fairly well with LASNEX calculations. 

*The research and materials incorporated in this work were partially developed at the National
Laser Users Facility at the Laboratory for Laser Energetics, U. of R., with financial support
from the U.S.D.O.E. under Cooperative Agreement.
The work performed at LLNL is partially supported by the Plasma Physics Research Institute,
Dept. of Applied Science, U.C., Davis and LLNL.

15 



OBSERVATIONS ON THE 

PLASMA WAVE EXCITED BY THE LASER BEAT-WAVE 

A E Dangor, A K L Dyrnoke-Bradshaw, A E Dyson and P Gibbon 

Imperial College of Science, Technology and Medicine 

London SW7 2BZ, United Kingdom 

S J Karttunen 

Nuclear Engineering Laboratory, Technical Research Centre of Finland 

SF-00181 Helsinki, Finland 

We report observations of a relativistic plasma wave excited by beating two copropagating 

laser beams at 1.053µm and 1.064µm in a preformed fully ionised hydrogen plasma 

produced by multiphoton ionisation with a 0.5 µm copopagating beam. The pump beams 

were of 200 ps duration and focussed to a peak irradiance of 2 10 1 4 W cm - 2 in a 200 

µm focal spot with f200 optics. The plasma wave was detected by monitoring the forward 

scattered spectrum of a fourth copropagating 0.526µm laser beam. The inferred plasma 

wave density modulation on/n was about 2%. This corresponds to a longitudinal electric 

field of about 6 10 8 V m-1 . The lifetime of the plasma wave was measured to be less

than 50 ps. These results are not in agreement with theoretical predictions and suggest 

that there is some mechanism limiting the growth of the plasma wave. A possible 

mechanism is the modulational instability (see paper by A R Bell, this Conference). 
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MODULATIONAL INSTABILITY IN THE IC/RAL BEAT-WAVE EXPERIMENT 

A.R. Bell 

Physics Dept., Imperial College, Prince Consort Road, London SW7 2BZ, UK. 

In recent Beat-wave experiments performed at the Rutherford -Appleton Laboratory 

(Dangor et al, this conference) a Langmuir wave has been detected with an amplitude 

on/n of about 2%. Kartunnen has calculated that a value of 9% would be expected if the 

maximum were limited by relativistic saturation. Recent- analytic work (e.g. Pesme et al, 

1988) has shown that the ion modulational instability may be important when the 

Langmuir wave is weakly driven as in the IC/RAL experime.nt. We present the results of 

PIC simulations which show that on/n:!::2% is in accord with limitation by the modulational 

instability. The temporal characteristics of the measured Langmuir wave are in reasonable 

agreement with simulation. 

D. Pesme et al, Laser & Part. Beams, §., 199 (1988).
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19th Anomalous Absorption Conference 
19 - 13 June 1989 
Durango, Colorado 

FOCUSSING OF LIGHT WAVES IN BEAT WA VE ACCELERATORS 

P. Gibbon

Plasma Physics Group 
Imperial College 

London, UK 

Focussing thresholds are derived for multiple laser beams propagating through an 

underdense plasma. The effects of relativistic electron quiver motion and their interaction 

with a plasma beat-wave are considered. When the plasma wave is driven resonantly, 

the scattering of the pumps by Raman cascading leads to beam divergence. Competition 

between this process and relativistic focussing yields an irradiance threshold of 

It, 282x1017wcm - 2 µm 2, which is significantly greater than the usual relativistic power 

threshold for parameters of interest. It is shown further in numerical solutions that the 

plasma wave amplitude can decrease even when the laser energy is focussed. This can be 

prevented by driving the plasma wave slightly below the plasma frequency, in which case 

the cascading process enhances the focussing. The laser beams may then propagate over 

an accelerator stage length without significant deterioration of the plasma wave. 
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Abstract for the 
19th Annual Anomalous Absorption Conference 

19 June - 23 July 1989 

Test Particle Dynamics in Beat Wave Excited Plasma Waves 

P. Gibbon
Imperial College, London, U.K.

W.B. Mori 
Department of Physics 
University of California 
Los Angeles, CA 90024 USA 

The dynamics of test particles in plasma waves is studied numerically. 

Test particles are injected into a plasma wave which is solved for numerically 

using a code1 which solves the 2-D Beat Wave envelope equations. The code 

therefore includes cascading, plasma edge effects, rise time effects, dephasing 

and radial electric fields. Particular emphasis is given to parameters relevant to 

the UCLA experiment. Work supported by Department of Energy Contract no: 

DE-AS03-83-ER40120. 

1 P. Gibbon and A.R. Bell, Phys. Rev. Lett. 61, 1599 (1988).
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Filamentation of One-Dimensional Laser Light Perturbations* 

Andrew J. Schmitt 
Laser Plasma Branch 

Plasma Physics Division 
Naval Research Laboratory 
Washington, DC 20 3 7 5

Abstract 

Recent experiments have investigated laser filamentation in plasmas by using incident 
light beams dominated by one-dimensional structure 1 

•
2

. The importance of filamentation 
developing in the direction perpendicular to the applied structure is of theoretical as well 
as experimental interest. For ponderomotive filamentation, simple theory predicts that a 
particular mode is selected for fastest growth, and this mode should dominate the 
filamentation development. For thermal filamentation, the situation is less clear, since the 
dispersion relation is very insensitive to the wavelength of the perturbation. In either 
case, however, the filamentation behavior may be significantly altered by the zeroth order 
applied structure. We wish to address the question of how such beams actually evolve, 
particularly in regard to the development of orthogonal perturbations. A 3-D laser plasma 
filamentation code3 is used to model the development of 1-D structured beams undergoing 
either ponderomotive or thermal filamentation. Results and comparisons to experiments 
will be presented. 

*Supported by Department of Energy
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(1988).
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Measurement of Elect�on Temperat�re in 
Hot, Solid Density Plasmas 

H. M. Milchbere;
Instit�te fo� Physical Science and Teehnology 

and Department of Electrical Engineering 
University of Maryland 
College Park, MD 20742 

Abstract 

The instantaneous mass motion of hot, solid density plasmas is used to infer 
the electron temperature through the measurement of spectral modifications 

imposed. upon specularly reflected heating pulses. 

2.



Swnmary_ 

The interaction of ultrashort energetic light pulses with solids is of gr�at 

interest both as a sou.J:"ce of picos�cond timescale X�ray pulses1 and as s new ap_d 

interesting regime of plasma and solid state pbysics.2 · s 

Recently, Milchberg et al.2 reported th� determination of the electrical

resistivity of solid aluminum in the range -1-lOOeV, achieved by measuring the 

reflectivity of energecic 308 nm, 400 fs duration laser p·c1lses from a. smooth 

planar target.. The resistivity was parameterized by an auxiliary temperature 

measurement., which �as determined from reflected pulse spectral modifications 

ind\lced by the increasing val.ue of mass floVl velocity of the material interface 

as the incident laser energy was increased. 

The method is ideally suited to the measurement of electron temperature at 

short times, and gives results at high density which are not dependent. upon 

elect:i;on-ion equilibration. In the mode applied here, we measure the pulse shape 

weighted average in space and time of the electron temperature, but the technique 

could be easily generalized to a pump-probe configuration. 

Energetic, \lltrashort UV pulses (A-3O8nm, pulse , - 400 fs, E
f>'.llse (max)= 

7 mJ) were focused at 45 ° orito optically smooth alumimim surfaces and the 

reflectivity of the resulting hot solid plasma and the sp�ctra of the spG'.cularly 

reflected pulses were monitored. The reflected spectra ar� obse·rved t� show a 

net blue shift and a smoothing and merging of the ch.:1.racteristic Xe.CR, peaks as 

the laser energy is increased. The shift and merging .s.rise from n,ass motion of 

heated material a-way from the original interface during the pulse evolution, with 

the expanding int.e1:face acting as a moving mirror. The modified spectl."al 

features are suggestive of the picture that the spect�a are convolutions or the 

las�r pulse history and a time dependent Doppler shift set by a time dependent 



interface expansion velocity. Thus, if Si (w) is Che spectral function of the 

incident light and SA(w) is the spectral function of the reflect:ed light, 

where .c,u>(t) 

(1) 
-CCI 

2w cos8 "\,r(t) is t:he Doppler shift:, fJ is the. angle of incidence,C 

v(t) is the spatial aver.i.ge velccity of the reflection surface in the beam focus, 

I(t) is the laser pulse temporal dependence, and R(t) is the reflectivity of the 

material. 

As a function of laser int.ensity, Te was first: roughly detF..rttin�d by solving 

£or an e.ffective expansion velocity v&xp , given the measured shift !::,).. in the 

spectrum's peak and the relation .t,,.), - 2 ::!t,xr,
cose>-.. whe1.·e >- is the wavelength at 

C 
thE< peak of t:h� XeCQ. spectrum and v

8Xll is related to T
8 

thro1.1gh an expression

for the sound S?ee.d. 2

A better and roont illustrative approach giving results similar to the above 

simple met.hod, is to use equation (1) to reproduce the experimental reflected 

pulse spectra, where I(t) is modelled as a 400 fs FWHM Gaussian, and Au,(t) and 

R( t) are obtained from the data fol:' a sequence cf incr�asingly er.ergetic (0- 7mJ) 

pulse reflections, assuming th.at the contribution of thermal conduction is 

relatively small. This latter assumption is justified by the large values of 

normalized collision frequency, v/w, measured in ref. 2 (also see ref. 3). 

To do the spectral '):"econstruction, the unshifted and unperturbed experimen• 

tallow intensity spectrum was used as Si in Eq. (1), and is showr, in Fig. l(a) 

and (b). The spectrum shows the characteristic XeCt features. Figur�s l(aj(c) 

and (e) (left side) are the expt.>.rimental t"eflected pulse spectra, while Figs. 

l(b�(d) and (f) are deteTII1ined using Eq. (1). The average temperature at each 

intensity level is obtained by averaging the exprassion for Aw (or �A) using 



the sound speed expression for Vexr, as a function of T
11

• 
The iz;atisfactory

agreement demonstrated between the data and the model justifies the picture of 

the physics, including the relatively small contribution of thermal cond�ction 

to the temperature evolution. 
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