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INTRODUCTION 

This is a collection of abstracts on significant Soviet work 

in laser fusion,  dating from approximately 1969 to the present.    The 
material was selected from the Informatics,  Inc.  serial publication 

Bibliography of Soviet Laser Developments,  and includes articles directly 

dealing with fusion as well as related studies by authors active in the fusion 

field.    Several abstracts have already appeared in Effects of High Power 

Lasers, nos.   1 and 2,  or in the monthly reports on Selected Material from 

Soviet Technical Literature,  published under this contract in 1972-IT' . 

Items which have appeared as Russian abstracts in the Referativnyy Zhurnal 

series have as a rule been omitted. 

The abstracts are grouped into experimental studies (plasma 

kinetics,  plasma spectroscopy,  laser design),  and theoretical studies.    A 

comprehensive bibliography and a first-author index are appended. 
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1.    Plasma Kinetics 
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Basov,   N.  r...  S.  D.  Zakharov,  O.  N. 

Krokhin,   P.  G.  Kryukov,   Yu.   V.  Senatskiy, 

S.  V.  Chekalin,  A.  I.  Fedosimov,  and M.   Ya. 

Shchelev.    Study of heating a laser plasma 

formed by ultrashort laser pulses.    KSpF, 

no.  8, 1970,  48-52. 

An experiment is described on heating an LiD target in vacuo 

by ultrashort pulses frcm an Nd glass laser.    The nominal pulse width was 

10 nsec at a 15 nsec repetition rate-, however spikes of the order of 1 or 2 nsec 

appeared in each puls«, with ener^es in the range of 0.1 joule.    It was 

attempted to maximise the number of spikes and observe their particular 

effect on target heating. 

Records were made of plasma development by shadow and 

Schlieren photography,   asing the second harmonic (0. 53 ix) to illuminate the 

plasma region.    An electi©optical converter was also used to register plasma 

radiation in the visible range and reflected laser radiation; plasma electron 

temperature wa i determined from its x-ray emission using a filter technique. 

A detailed study of recorded data showed that the heating 

twoceSB was as follows:   the initial spike forms a highly luminous region, 
A        7 -2 

expanding at 10-10    cm/sec to some 1 or 2 x 10     cm.    Spikes arriving in the 

next few nanoseconds do not add significantly to plasma heating,  but are 

strongly scattered; within about 4 nsec the plasma is effectively opaque. 

Following this the plasma transparency returned and a new portion of plasma 

is heated in the same manner.    Converter data are given showing plasma 

radiation in the blue-green region as a function of spike occurrence and 

scattering.    Fig. 1 shows examples of incident and reflected radiation to scale. 

Records of x-ray emission showed that Te varied between 140-220 ev. 
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Fi" 1. Photmnetric records ot incident (top) 
and reflected (bottom) laser radiation for two 
applied pulses. 

It is evident that absorption of laser energy varies in the 

course of a pulse as the optical thickness of the outer plasma layer changes. 

Specifically, when laser frequency CO is less than plasma frequency ay most of 

the   incident radiation is reflected; whenever this is not the case,  plasma 

heating to a high temperature can occur.    Results indicate that the depth of 

the target layer converting to plasma is on the order of the laser wavelength. 

1 

Basov.  N.  G.,  S.  D.  Zakharov,  O.  N.  Krokhin 

et al.    Studies of plasma fornr^d by uitrashort 

laser pulses.    IN:   Sb. Kvantovaya elektronika. 

no. 1. 1971.  4-28. 

This is a review of the work do«  to date by Basov's group 

since their first experiments with laser heating of an LiD plasma with 
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picosecond pulses in 1968.    Several of tbo early experiments with glass 

lasers are described, together with the techniques of photographing and 

analysing the plasma flare.    A theoretical discussion of heating and 
relaxation of electron and ion temperatures is included, which essentially 

reports the material of the foregoing article by Basov et al. 
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Dolgov-Savel'yev,  G.  G. , and V.  N.  Karnyushin. 

Injector of lithium hydride particles for laser 

plasma experiments.    PTE, no.  3,  1970,   220-222. 

An electrostatic method for injection of lithium hydride 

particles into the focal region of a laser is described.    A diagram of the 
injector is shown in Fig. 1.    Lithium hydride particles (0.1-0.4 mm) captured 

IC   I    7 
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Fig.  1.    Diagram of LiH injector. 

1- tank,  2- feed rod,   3- LiH particles,  4-  vacuum 
chamber,   5- lower electrode,  6- le.vd-in,   7- movable 
plate,  8- upper electrode,  9-  microscope,  10- transparent 
lid. 
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by a moving feed rod    (2) are injected into the space between two electrodes 

(6 and 8).    Subsequently an electrostatic fiel(   of 10    v/cm is produced and 

the charged LiH particles are trapped by a fiat glr.ss plute (7).    After tank 

(1) is removed the particles are injected into the vacuum chamber (4) by 

applying a rectangular pulse with amplitude of ~30 kV and duration of 

~0.02sec.    The entire system is evacuated to 10'    tcrr.    The particle 

trajectory scatter and velocity measured in the center of the vacuum chamber 

were~0.2 rad and ~2. 5 m/aec,   respectively; their transit distance was 20 cm. 

The arrangement used in the laser plasma experiments is 

shown in Fig.  2.    The energy and power of the laser pulse were 3 j and 

i 
3 

Fig. 2.    Experimental diagram. 

I- He-Ne laser,  2- glass plate,  3-  ncodymium 
glans laser,   4- trigger for pump pulse and Kerr 
cell,  5- amplifier for photocell,   6- reflector, 
7- lens,   8- target,  9- lens,   10- vacuum chamber, 
II- image converter. 

60 Mw,  respectively; focal lengths of lenses = 7 and 9-10 cm; diameter of 

the gas  and neodymium laser beams were 0. 5 and 0.8 mm.    With this 

configuration the experimentally determined probability of the hitting a 

target element was about 30%.    A typical record of the laser plasma radiation 

is given la Fig. 3. 

•4- 

JL. 



"^ 
■PH« mt 'C^ 

I 

S, MS' 

If 

z 
0 

1 

''X i 
zoo   säü 
i!,nsec 

t . 

Fig.  3 
Record of the User plasma radiation. 
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., n    r,      V   N. Karnyushin, Dolgov-Savel'yev, G. G.,   v.  IN. 

and V   T. Sekerin.    fove etigation .oL5-lS5-^- 
microolaBtna jnthejornn of two laser beams,. 

m   ZhETF, v. 58. no.  2. 1970.  535-540. 

The properties were studied of a plasma produced by 
_.^ lauer beams.    The energy,   peak 

.„adUtton of • LiH ..rg.t by two oppo.rf U.« b. ^ ^^ 

„„wer .nd h.lf-wW.h of the U... p.1." «" ^   ' ' diaineter of 

the focal spot 6 x 10      cm.    Targe 3        2 enci08ed in 

a 10 5 to .r vacuum.    The total num of the 
•    «*« we-e conducted with magnetic fields in the ce 

The experiments we^econ^ experimental Setup is shown in Fig. 1. 
chamber of B= OftndB- 12 kgs. * 

Fig. 2 compare, incident and "^^^ plasma eVolved in two 
The experiments show that tbe iaier pi 

stage si 
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Fig.  1.    Dual laser experiment. 

1- master laser (Nd glass); 2,4- deflectors; 
3- splitters; 5- amplifiers; 6- splitters; 
7- lenses; 8- target; 9- vacuum chamber; 
10- coils; 11- photocell;  12,  electric probes; 
13- attenuator. 

ISO 

wo 
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Fig. ?..    Intensity of incident I and transmitted 
I1 laser pulse. 
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Firat stage.    In this stag« a bri'.ht luminous central rone with 

a sharp boundary propagating at 2 x 106 cm/sec is observed.    The outer layers 

of the «one absorb laser emission and produce a flux of fast weakly-radiating 

plasma diffusing with a velocity « 4 x 107 cm/sec.    An external magnetic 

field does not affect the plasma dynamics in this stage. 

1 

Second stage.    This stage is characterieed by the gas dynamic 

diffusion of the central «one after the end of the laser pulse.    The boundary 

of the «one becomes less bright,  and propagates with a radial velocity of 

about 6 x 106 cm/sec in the absence of a magnetic field.    Applying an 

external magnetic field causes, an order of magnitude drop in radial velocity. 

The duration of the radiation in the plasma 8p«ctral lines increases by a 

factor of 2-3. 

' 

It was also concluded that the plasma develops more symmetrically 

in the cited case than in the case of a single laser beam. 
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Generalov, N. A., G. I. Kclov. .nd Yu.  P. 
R.yter.    w^.m.illbriu" ■*'*'• '»^ vmri«tion 

to »buorrtiv' ^Mbiliti.s -f ■ rl».m» from the 

rff--> .t r ,f„l nntlcal nul.es.    PMTF, no. 3, 

1970,   27-37. 

Thl. pap« gives .n extended analysis of test results reported 

previously by tbe authors on laser absorption in plasma (ZhETF «»•ma 

v   8   no. 3, 1968; ZhETF. v. 56. no. 3. 1969; PMTF, no. I, 1970).   Thexr 

experiments have show, that absorptive o.pacity of a plasm, depends on 

incident beam intensity, and 5.nerally wül vary in a non-monotonic manner. 

The analysis investigates the kinetics of heating, ioni.ation and absorptton 

of optical energy for a variety of plasma and laser parameters.    A treatment 

of this sort is considered essential for explaining certain phenomena of 

interest such as the self-shielding effect of a laser-generated *'—*' 
solid surface beneath it.   The theoretical result, agree adequately with the 

cited experimental findings. 

Generalov,  N. A., V.  P. Zimakov, G.  I. 

Koalov, V. A. Masyukov, and Yu. P. 
Rayaer.    rontinuous W nptical discharge. 

ZhETF P, v. 11, 1970,  447-449. 

The authors claim here the first continuous hot plasma generator, 

which uses a gas ignited and fed by two different lasers.   The plasma region 

was maintained within the center of an enclosed gas volume, .hus beconun 

the "optical plasmatron" suggested earlier by Ray.er (ZhET.   P,  v. 11, 1970. 

195).    The working gas was xenon in a steel vessel at varying pressures up 

to 10 atm. initial breakdown was made by a Q-switche. GO, laser, developing 
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10 kw,  0.3-1. 5 fis pulses at a 50-250 Hz firing rate.    The sustaining laser 

was a standard Lund 100 type, whose beam intersected the firing beam at 

right angles; it operated at 100 ma,  150 w;  and was focused to a beam diameter 

of 0. 08 mm in the plasma.    Maintaining beam intersection and focal points 

was critical to the experiment,  ana admittedly complicated the method. 

However, this technique gives maximum flexibility in ignition frequency and 

duration,  and furthermere does not contaminate the discharge region with 

electrode debris as is the usual case.    Tue authors maintained a xenon 

plasma for periods of 10 minutes or more, terminating it only because of 

heating of the container, which was uncooled.    A pressure threshold of 3 atm 

was determined for plasma generation; plasma shape and location were 

variable with increasing pressures.    From i-r absorption data the plasma 

temperature wa? found to be about 14, 000    K.    This experiment was a variant 

of one reported earlier by Bunkin et al (Laser spark in the "slow burningM mode. 

ZhETF P,  v.  9, no. 11, 1969, 609),  in which the combustion phenomenon was 

obtained with a neodymium laser in atmospheric air.    Combustion duration on 
7 2 the order of a millisecond was obtained at densities of 10   w/cm    under 

9 2 conditions where the density for optical breakdown would have been 10   w /cm . 

Krasyuk,  I.  K.,   P.   P.  Pashinin,  and A. M. 

Prokhorov.    Experimental observation of 

stimulated Compton absorption of laser emission 

in a spark.    ZhETF P, v. 12, 1970,  439-442. 

An experiment is described which was designed to demonstrate 

the predominance of stimulated Compton absorption of laser energy in a 

plasma,  at sufficiently high beam intensities.    The test was based on the 

theory that the scattered spectrum of laser light passing through a plasma 

will be generally shifted to longer wavelengths, which is difficult to attribute 

to other than Compton absorption.    The test method is shown in Figure 1. 

-9- 
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Fig. 1.    Compton absorption experiment. 

1- ruby laser; 2- amplifier; 3- test vessel 
4- photoelement; 5- CRO; 6,9- filters; 
7,   10- collimators; 8- spectrograph input. 

Amplifier picosecond pulses from a ruby laser were focused ir a helium 

vessel (3) to generate a spark; pulse width was 50 ns, with a density at the 

focal point of 2 x 1014 w/cm2.    The scattered spectrum of the transmitted 

beam was simultaneously compared to the original pulse spectrum in spectro- 

graph (8).    Typical shifts are seen in Figure 2 for helium and for a 150 A 

thick aluminum foil target; the mean values of absorption coefficients were 
2 -2 found to be a = 0. 26 x 10"   /cm and 2 x 10    /cm, respectively.    In general 

the experimental valuta of a were less than those predicted by theory; however, 

the results are cited as evidence of the major role played by Compton absorption 

in this type of laser-plasma interaction. 
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Fig. Z.   Spectral shift in a laser plasma. 

a- He plasma; b- Al foil; 1- incident radiation; 
2- transmitted radiation. 
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Askar'yan, G. A., and V. K. Stepanov. 

Simultaneous extended action of a powerful 

optical flux on matter.    ZhETF, v. 59, no. 

2, 1970, 366-367. 

In optical beam-target or gas breakdown tests the laser beam 

is typically focused by spherical lenses to the desired spot sire.    A departure 

from this is considered here by Askar'yan and Stepanov, where they briefly 

describe beam-target experiments using a two-dimensional or slit-shaped 

i 
» 
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incident beam,  formed by cylindrical rather than spherical lenses.    In 

the tests cited a Q-switched neodymium laser with a 6 cm cylindrical lens 

was used to produce an extended optical breakdown in argon and other gases 

at pressures up to 20 atm; an unswitched laser was also used to form slits 

in metal targets.    An inherent advantage of this method is that the focused 

beam area attainable with a cylindrical lens is substantially greater than that 

for a spherical lens -- by a factor of 100 in the cited case.    This paper 
mostly emphasiBes the practical arguments lor line-focused beams in material 

processing; however, in the case of line breakdown in gas or on a dielectric 

surface,  it is also pointed out that plasma propagation velocity can exceed 

light velocity, which suggests a number of interesting theoretical and 

practical possibilities. 

Bunkin, F. V.,  I. K. Krasyuk,  V. M 

Marchenko,  P.  P.  Pashinin, and A. M. 
Prokhorov.   Structural study of a spark 

generated by a forused picoBecond laser 

pulse in gas.   ZhETF, v. 60, no. 4, 1971, 

1326-1331. 

With reference to an earlier paper by Krasyuk et al (ZhETF, 

v. 58, no.  5, 1970, 1606), the author« have conducted further tests to 
identify particular characteristics of picosecond optical breakdown in air, 
Ar and N2 at atmospheric pressure.    A ruby laser in the ring configuration 

of Figure 1 was used,  generating pulse trains with individual pulse widths 

of 20-100 ps.    Additional recording equipment was used to get an exact time 

relationship of spark initiation,  propagation and geometry with excitation 

pulse,  lens focal length and focused spot dimensions.    Typical photos of 

spark configuration are given,  as well as streak photos of spark development. 

From the latter it can be seen that,  following spark initiation,  discrete 

f 
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Fig.  1.    Gas breakdown experiment. 

I- ruby; 2- amplifier; 3- teat chamber; 
4- photoelement; 5- oscilloscope; 6- electron- 
optical cameras; 7- lens; 8,9,10- filters; 
II- deflector. 

subsparks continued to develop up to 160 ps after the end of the laser pulse. 

The authors note a lower threshold with their long-focus lens that the value 

reported by Krasyuk et al at f = 2 cm (3. 5 x 1012 w/cm   vs 1. 5 x 10     w/cm . 

respectively).    The results confirm that self-focusing is responsible for the 

discrete spark structure observed. 

D 
I 
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1 

Kavtinazov,  S.  D. ,  A.  A.  Medvedev,  and 

A. M.  Prokhorov.    Effect of a 400 koe magnetic 

field on the plasma of a laser cpark.    ZhETF P. 

v. 14,  1971,  314-316. 

An experiment is briefly described in which the controlling 

eftect is studied of an external magnetic tield on the geometry of a laser 

spark plasma.    Two conditions must evidently be met for field control of 

spark geometry,  namely (1) field pressure must exceed gas kinetic pressure 

in the  plasma,   and (2) the skin layer should not exceed spark radius,   r. 

This means that the external field must be sufficiently great that on lowering 
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of plasma pressure to the magnetic pressure level, plasma temperature 

still remains high enough to preclude diffusion in the external field.    The 

corresponding threshold for field control in the present case was calculated 

to be on the order of 300 koe.     Tests to corroborate this were run at levels 

up to 500 koe,  using a transformer-fed one-turn coil of 0.8 cm dia.  instead 

of the usual capacitor bank.    A 100 ^aec field pulse was thus generated, 

which simplified the requirement of exact synchroniration of laser spark 

and field pulse.    Tests were run in ambient air,  using a neodymium glass 

laser at 2--3 j in both giant pulse and spike regimes to produce breakdown. 

The comparative effect of the field is seen in Fig.  1, where the spark is 

confined to a cylindrical form with a smooth boundary.    In both laser regimes 
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Fig.  1.    Field effect on Irser spark, 

a, c- no applied field; b- field applied. 
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the field increased spark axial length by about 1. 5 times; it follows that this 

formation should retard plasma cooling.    Nominal spark pararneters of 
_7 

r = 0.1 cm and time constant T = 3 x 10      sec led to the conclusion that the 

plasma temperature attained was at least 6 x 10    deg.  K. 

Kazakov,  A.   Ye.,   I.  K.  Krasyuk,   P.   P.  Pachinin, 

and A.  M,   Prokhorov.    Experimental observat-'on 

of laser radiation amplification from the interaction 

of opposed laser beams in a plasma.    ZhETF P, 

v.  14,  1971, 416-418. 

Experimental data are briefly discussed on the effects of 

focusing opposed laser beams in an argon plasma.    The test configuration 

(Fig. 1) used a monopulse laser at 6943 Ä and 20-100 nsec duration,   split 

I 
i 
l 

i 

Fig. 1.    Colliding beam experiment. 

1- laser; 2- Ar chamber; 3--11- splitting, 
deflecting optics; 12- coax; 13- scope, 0.2 
ns resolution; 14- spectrograph. 

and simultaneously focused at f = 2 cm through opposite faces of the argon 

chamber.    The optics were assigned such that I- < I.  by varri >g amounts, 

but both were above breakdown threshold.    Records of exit iriteiisities and 
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spectra of the two pulses showed two distinct effects:   the weaker pulse wat 

amplified by the stronger,  and also underwent a spectral broadening.    These 

effects were more pronounced with larger initial disparity between ^ and L, 

intensities.    An example given show. L, increased bv a factor of 1. 32. where 

initially I   = 0. 2 Ij.    Stimulated Compton scattering is suggested as the 

main mechanism for these results, and calculations on tMs assumption show 

a good agreement with actual gain figures for the weaker pulse.    The spectral 

change in L, * not explained and must be clarified by additional tests. 

1 

I 
I 
1 
1 

Aglitskiy,   Ye.  V..  V.  A.   Boyko.  S.  M. 
Zakharov, aid G.  V. SkliEkov.    Determining 

diffusion rate and electron density profile in 
a laser plasma from measurements in the vacuum 

u-v range.    KSpF. no. 6.  1971.  3-7. 

The authors note that studies of laser fusion demand a knowledge 

of the gas dynamic parameters of the laser plasma developed.    In particular 

the region with size on the order of the focused laser ppot was observed for 
electron density N    and flare propagation rate,  determined spectrographically. 

An Nd glass laser las used on a carbon terget in vacuo.  developing 15 ns pulses 

at 10 j.     A 4x image of the flare was projected via a spherical indium mirror 

onto the slit of a DFS-29 spectrograph. 

Distribution of N    vs. distance from the target was determined 

from Stark broadening based on C^ transitions X, - 520.6  A (3-4 transition) 

and X   = 3434 A (7-8 transition).    Averaged results over the beam axis are 

shown in Fig. 1 for two elapsed times,  and corroborate the earlier inter- 

ferometry curves of Basov. 
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Fie. 1.    Electron density profile Ne(r) from 
Stark broadening of CVI lines.    Curves are 
from Basov et al., FIAN Preprint no.  79. 
1970. 

A - 10 ns, B - 36 ns after pulse start. 

Plasma expansion rate was deduced from Doppler shift in 

absorption lines,  using the resonant doublet of CIV. X1 = 1548. 2 A and 
X    = 1550. 77 A.    This spectrographic data together with data of Basov et al 
(DAN   v   196.1970.   1248) was used to get the velocity profile of Fig.  2.    It 

. 

JUMO'eiy,,,, 

Fig. 2,   Velocity profile of gas dynamic plasma 
motion. 
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is noted that the acceleration interval occurs over a dimensional range on 

the order of the focused spot diameter. 

Gribkov,  V. A.,  V.   Ya. Nikulin,  and G.  V. 

Sklirkov.    Increased plasma density from the 

collision of laser flares.    Kratkiye soobshcheniya 

po fiaike,   no. 2, 1971,  45-49. 

I 

An experiment is described in which two opposed plasma 

flares are generated simultaneously to collide with each othex.    Tb*» 

objective was to measure the thermodynamic properties of thi impact region. 

Figure 1 shows the test arrangement.    A neodymium laser boam was split    into 

two opposed beams of 12 ns and 30 j each,  and directed onto two slightly offset 

3 
Q- 

UiH    II 

diM4 
10 ■¥- 

siA^iZ 

Fig. 1.    Colliding plasma experiment. 

1 - ruby laser; 2- Nd laser; 3- KDP cell; 
4- interferometer mirrors; 5- splitter; 
6- mirrors; 7- test vessel; 8,9- objectives; 
10- filters;  11- diaphragms; 12- photorecorders; 
13- targets. 

I 
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polyethylene targets,   separated by 1 mm,   BO that the generated plasmas 

would intersect.    A ruby laser was used 1 jr high-speed  interferometry of 

the collision region; wavelengths of 0.69 and 0.3 5 [i. were used over an 

interval of 100 ns following the beam-target pulse generation.    With this 

technique,  the contribution of ions to the  coll      on region could be disco   ited, 

since in this case the ion component was practically independent of optical 

frequency.    From the combined interferograms it was possible to determine 

electron density profiles in the collision region,  as shown in Figure 2. 

I 
1 
1 
I 
1 

Fig.  2.    Electron density profiles from colliding 
plasmas. 

,19 19 »19 1- 8. 8 x lO^/cm ; 2- 5 x 101 Vcm ; 3- 3. 5 x 10 v/cm ; 
4- 1   x 10l9/cm3; 5- 5 x 10l8/cm3. 

Figure 3 shows an electron density profile in a plane bisecting one target,   for 

the two-beam case as well as for only a single target beam.    A sharp 

increase is clearly evident in the colliJing plasma case.    The target 

specimens in this experiment were cubes,   0. 2 mm on an edge; the authors 

suggest that substantially higher densities could be obtained by using 

cylindrical or spherical targets. 
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Fig. 3,    Electron density for single-beam 
(1) and colliding (2) plasmas. 
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Basov,  N. G. ,  V.  A.  Boyko,   V.  A.  Gribkov, 

S.  M.  Zakharov,  O. N. Krokhin,  and G.  V. 

Skliekov.    Gas dynamics of a laser plasma 

during heat-up.    ZhETF, v. 61,  no. 1, 1971, 

154-161. 

1 
I 

The gas dynamic properties of a laser plasma produced by 

focusing a powerful laser beam onto a carbon target were studied experimentally. 

The recording technique used the slit scanning of the carbon flare interferograms. 

The experimental setup is shown in Fig.  1.    The energy of the 

ne^dymium laser used was 8 j for a mean pulse width of 80 nsec at the 0.1 
-3 

amplitude point; maximum beam divergence = 2 x 10      rad.    The radius of 

the focused spot was varied from 0.05 to 0.2 mm. 
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Fig. 1.    Experimental setup. 
1 - neodymium laser; 2- ruby laser for 
illumination of interferometer- 3- control 
unit; 4- focusing lens; 5- target in a 10      torr 
vacuum; 6- beam splitters; 7- mirrors; 
T deTector; 9- lens focusing interference image 
L alit 10- 11- lens projecting slit image on the 
^otocathode of image'converter; 12- photoelectronic 
recorder; 13- camera. 

A typical »can of th. carbon flare interferogr.m i. «hown 

in Fig. Z.   Aa aaen in Fig. ^ th. opacity .on. (b.tw..n r = 0 and int.rf.r.nce 
>; ut» 

i0       too  <, nsec 
Fig. 2.    Time scan of the carbon flare inter- 
ferogram and laser pulse. 
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fringes) reaches a maximum width of~0.25 mm at t = 76 nsec.    The 
electron density at the boundary of the opacity «one is  ~0. 5 x 10     cm    . 

The plasma parameters inferred from interferograms are given in Figs. 

3-5. 

•/it* 
Hg,c*- 
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Fig.  3.    Distribution of electron density along 
the laser beam axis (t in nanosecondf); 
A  - t = 10;     D- t = 16; x   - t = 23; • - t = 36; 
^- t = 56i  o - t = 76. 

ti.tjct* *:$ 

IB'7  III" 10" IB1' ne 

Fig. 4.    Phase velocity of 
plasma front. 

B     B,l    0,lt     0,S    0,8    1 

Fig. 5.    Dependence of f = t/r of the 
plasma mass M,  total number of electrons 
Ne and mass discharge M (r - rise time of 
laser pulse) 
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It was noted that the velocity of the plasma with certain 

density remains constant over the leading edge of the laser pulse, and is 

as a rule smaller than the mass velocity. 

The refraction of the incident beam due to a sharp density 

gradient,  as well as crowding of the interference fringes, were suggested as 

causes of the opacity cone observed in the plasma.    The plasma pressure on 

the target within the hot region (opacity «one) was determined from experimental 

data on plasma density and velocity,  assuming spherical symmetry of the 

plasma diffusion,  as 

p(;)=:(jxr,,T)-WVdE,( 

where F(t) =/p(r. t) v    (r, t) d V; r    - radius of the focusing spot, r -heating 

time,  and £"= t/r.    The velocity distribution used in the calculations and 

results of p(J) are given graphically. 

I 
1 

h 
i 

The results show that the maximum plasma pressure (10   atm) 

is attained at the start of the laser pulse.    This is explained as due to the 

small laser beam divergence at low laser pulse intensity. 

Basov,  N. G. ,  V.  A.  Boyko, S. M.  Zakharov, 

O. N. Krokhin,  and G.  V. Skliakov.    Generating 

neutrons in a laser CDQ plasma heated by nano- 

second pulses.     ZhETF P, v. 13,  no.  12,  1971, 

691-694. 

An experiment is described on neutron generation from a 

deuterated polyethylene (CD,)    target.    The experimental setup is shown 

in Fig.  1. 

I 
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Fig. 1.    Experimental diagram. 
1- Q-Bwitched neodymium laser; 2- pulse 
generator; 3,4- discharger with laser ignition; 
5- amplifier; 6- coaxial photocell; 7- calorimeter; 
8- chamber vyith target; 9- scintillation detector; 
10- lead shield; 11- oscillograph. 

The laser pulse with maximum = 80 j was focused into a 

powdered polyethylene target by a lens with f = 100 mm.    The heated target 
-4       2 

surface was 10      cm . 

The neutron and x-radiation were recorded by photomultiplier 

with a 8 x 8 cm-plastic scintillator  protected from hard x-rays by a 1. 5 cm 
9 lead shield.    The neutron velocity was determined to be 2 x 10    cm/sec; the 

total neutron yield was not less than 10  ; neutrons were recorded at energies 

down to 14 j.    Sample laser pulse waveforms as well as neutron pulses at 

10 cm and 60 cm from the target are given. 

The results show that use of solid targets with nonequilibrium 

heating is a promising method of obtaining high neutron flux. 

• 24- 

X. 

• 

- i i ii > a ^ 



M1       i   Uf 
^ "^^mmm "■PW! Tf 

Alekseyev,  V.  A., S. D.  Zakharov,   P. G. 

Kryukov,  and Yu.  V. Senatskiy.    Feasibility 

of using a dense plasma jet as a target in 

studies of laser heating.    KSpF,  no.  7,  1972, 

57-61. 

Experimental determination of the electron density distribution 

n(x) in the surface plasma layer of a laser-heated solid targer has not yet 

been achieved, because of extremely high n values and shore lifetime 

(10"9 - 10"10 sec)  of a dense laser plasma.   Since n(x) determination is 

essential for research on laser fusion, the authors propose instead to 

substitute a low-temperature dense plasma jet for the solid targets commonly 

used in experimental plasma heating by laser.    Measurement of n in a plasma 

jet would be inherently easier because jet discharge velocity is much lower 

than plasma dispersion. Since the n{x) level could be held constant during 

heating by short (lO'11 sec) laser pulses, a study of heating at different n(X) 

would become possible. 

i 
ii I 
j 

I 

The use of a generator introduced by Alekseyev is proposed 

to generate a low-temperature plasma jet in which the material is in a 

supercritical state.    The resulting plasma jet offers the possibility of 

studying absorption and reflection of high-power laser radiation by a hot 

plasma,  optimising the initial target parameters for laser-induced nuclear 

fusion, and laser diagnostics of the supercritical state.    In a generator 

described    (Fig. 1),discharge of a capacitor bank through the target material 

(dielectric) generates sufficient energy to force a dense jet of material 

through a Laval noeele during time intervals up to 1 msec.    Average jet 

temperature and jet discharge velocity have been measured at about 7. 000° 

and 106 cm/sec,  respectively.    The high density of discharge material was 

confirmed by the experimentally established temporary (for -0.5 msec) 

opacity of the jet to the red beam of a He-Ne laser.    The generator described 

-25- 

fv« 

• - aJk ^MM. 



I 
"^7 w^ 

• 

■•< 

1 

li 

I 
l 

I 

.1 

Fig.  1.    Low-temperature plasma jet generator. 

1- upper electrode, 2- ineulation,   3- generator 
casing,  4- dielectric,  5- copper wire,  6- lower 
electrode. 

could, with a simple modification, produce a quasicontinuous jet with annular 

cross-section for studies of laser plasma cumulation. 
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Aglitskiy,  E.  V. ,  N.  G.  Basov,  V.  A.   Boyko, 

V. A. Gribkov,  S. A.  Zakharov,  O.  N. Krokhin, 

and G.  V.  Skliekov.    Determination of el-rctron 

density, velocity and gas-dynamic preBsure in 

laser plasma.    10th Int. Conf.  Phenomena Ionic. 

Gases,  Oxford,  1971. Contrib. pap. Oxford,  1971, 

229.    (RZhMekh,  8/72, no. 8B198) (Translation) 

An experimental determination is made of the electron 

concentration N , the expansion velocity,  and the gas dynamic pressure in 

the dense hot region of plasma formed by the laser irradiation of a carbon 

target.    The profile of N    is determined on the basis of measurement of the 

Stark spectral line broadening of hydrogen-like ions,  and the time evolution 

of this profile is determined by means of a high-speed interferometric 

procedure.    The expansion velocity V of the plasma was evaluated on the 

basis of time scanning of the spectral lines (in the visible spectrum region), 

and on the basis of the Doppler shift of the resonance-absorption lines which 

takes place in the expanding (colder) plasma shell.    The measured values of 
N    and V make it possible to determine the time evolution of the gas dynamic 

e 
pressure p of plasma in the hot region.    An interesting feature is the 

nonmonotonic time change of p.     The presence of the peak of p is linked to 

the shielding of laser radiation by peripheral regions of the plasma,  and 

makes it possible to explain the presence,  noted by other authors,  of a 

temperature peak at the initial stage of laser heating. 

Arifov,  T.  U.,  and I. M. Rayevskiy. 

Injecting magnetic traps with a laser-generated 

plasma.    ZhTF, no. 8, 1972, 1764-1766. 

I 
1 

■ 

Data are presented on plasma behaviour in magnetic traps 

of two different configurations,  referred to as "plug-type" and "antiplug* 

-27- 
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type".    Experiments have shown that magnetic traps with "anti-plug" 

geometr/ are far more effective in capturing and retaining bunches of 

dense laser-produced plasma than the plug-type traps (probkotrons). 

A ruby laser, 150 x 12 mm at an energy of 0.15 joule and 50 nsec pulse 

duration, was focu.ed on a flat titanium target surface in a vacuum chamber 

at 3 x lO"6 torr.    A plasma bunch front of n > 1013 cm-    density moved along 

the trap axis at a velocity v = (4-5). 106 cm/sec.    The total number of 

particles in the plasma bunch was determined from the mean energy of the 

bunch, target mass measurements,  and chamber pulse pressure variations. 
In all three cases the total was determined to be N = 3 x 10     particles.    An 

SHF generator (X = 0.8 cm) was used to measure laser plasma physical 

characteristics.  SHF cutoff period by the freely expanding plasma bunch 
5 cm from the target was r = 1.2-1.4 jxsec.    This value increased sharply 
with an increase in magnetic field intensity in the trap.    Results are:   in 

antiplug traps T = 160 ^ec at an intensity of H = 6 koe; in plug-type traps 

T was 25 ^sec at 7-8 koe. 

The injected plaiima in the trap war, photographed during the 

trapping process and two different patterns were again observed as a 

function of trap geometr v.    In the antiplug traps,  the plasma bunch moving 

along the magnetic field lilled the trap; as revealed by the photographs, 

part of the bunch was disk-shaped and remained stable longer.    Irtreases 

of T were accompanied by increased flow energy q moving    through the 

trap equatorial slot.    It was observed that for the plug-type traps,  although 

an increase of field resulted in a specific increase in time during which the 

plasma remained in the trap,   this dependence is rather weak; with increased 

intensity,  the plasma was also compressed into a narrow filament.    The 

authors sugg-st that the brevity of plasma entrapment may be due to the 

nonuniformity of trap filling. 

. 
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Zaritskiy,  A. R., S.  D.  Zakharov,   P.  G. 

Kryukov,  and A.  I.  Fedosimov,    Measuring 

the polarigation of back-scattered radiation 

from a laser-heated plasma.    IN:   Sb.  Kvantovaya 

elektronika,  no.  8, 1972,  89-90. 

A brief discussion of backscatter from a laser plasma is given. 

The emission source in the experiment was a mode-locked Nd glass laser 

generating a pulse train with pulse duration and spacing of one nanosecond. 

The i-r emission was converted by a KDP crystal into the second harmonic 
-4 with a beam divergence of 2 x 10      rad,  energy = 10 j,  and beam diameter 

_2 
~4 cm.    Both LiD and polyethylene targets in a 10      torr vacuum were exposed 

to the laser beam,  focused by a lens with f = 4. 5 cm.    The source emission 

was > 99. 8% linearly polarised. 

It was found that the light back-scattered by the plasma is 

polarised in the same plane as incident light, with a degree of polarization - 

90-95%.    Assuming that observed change in polarisation is induced by Faradav 
20-3 rotation, the authors found that,  at n   = 5 x 10      cm      and plasma layer 

-2 e 

thickness of 10      cm, the upper limit of the intrinsic axial magnetic field in 

the plasma is B =30 kgs.    This value is in agreement with that reported 

by Stamper et al.  (Phys.  Rev.  Lett.,  26, 17,  1971, 1012). 

Andrukhina,   E.  D., G. S.  Voronov, A.  D. 

Smirnova,   Yu.  V.  Kholnov,  O.  I.  Fedyanin, 

and I. S.  Shpigel'.     Laser plasma containment 

in the Tor-l stellarator.    IN:   Proc.  3rd Int'l 

Symp. Toroidal Plasma Confinement,  Garching, 

1973.    (RZhF, 11/73,   no. 11G255) 

A study was made on confinement of a lithium plasma, 

generated by a laser,  in the Tor-l stellarator.    Parameters given fov fhe 

•29- 
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latter are:   he = 5 x 1010 - 1012/cm3; Te = 0.3-3 ev; T. = 5 - 60 ev; magnetic 

field H = 4--12 kgs; and rotary conversion angle i = 0. 03   -0.3.    It was shown 

that duration T did not depend on plasma parameters, but that the relation 

T = const x H1,4 x i0, 7 holds true.    Also,  plasma confinement is not governed 

by laws of a collision type diffusion. 

^ 

Voronov,  G.  S. ,  and A.  P.  Prokhorov. 

Studying the effectiveness of laser plasma 

confinement by a magnetic field.    ZhTF, 

no. 8, 1973,  1641-1645. 

The process of arresting and confining a laser plasma by a 

magnetic field was experimentally investigated.    The experiment was 

conducted in a cylindrical vacuum chamber of 10 cm diameter and 100 cm 

in length (Fig. 1).    A uniform magnetic field of 2 kgs intensity was applied 

11: 
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Fig. 1.    Plasma chamber experiment. 

by a solenoid wound on the chamber; the geometry of the injecting cross- 

secHo- was similar to that used in experiments on the TOR-1 stellarator. 
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A 100 mw neodymium User was focused on a lithium 

target,  consisting of a solid disc 25 cm in diameter and 5 mm thick 
placed similarly as in the TOR-1.    The focal point on the target surface 

was variable from 0. 5 to 5 mm by a lens.    The quantity of plasma trapped 

by   he magnetic field was measured by an 8 cm diameter collector,  placed 

perpendicularly to the magnetic field at about 40 cm from the injectmg 

cross-section.    The collector was composed of two stainless 0. 3 mm steel 

plates with the front plate grounded.    The ion component of the plasma was 

then recorded by the rear plate.    An ion collector of similar construction 

recorded the plasma drift to the chamber walls. 

Movement of plasma across the magnetic field was studied 

by photographing   the plasma in the green line of singly ionUed lithium. 

X - 5485 k     Curves were drawn for the quantity of generated and conhned 

plasma (Figs. 2 and 3).    The amount of confined plasma was found proportional 
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Fig    2.    Quantity of generated (I) 
and'confined (11) plasma as a function 
of laser pulse energy. 
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Fig.  3.    Quantity of generated (D 
and'confined (11) laser plaama ae a 
function of the position of Uns focus 
relative to target surface. 
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to the quantity generated; in the present configuration the effectiveness 

of plasma confinement was measured at 10%.    A method is suggested for 

increasing the effectiveness of plasma confinement by increasing the angle 

<p between target plane and magnetic field direction,  as seen in Fig. 4. 

5 50 
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Fig    4.    Relationship of the confined plasma 
ar, a function of angle <o and magnetic field. 

(laser beamXmag.  field). 
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Gribkov.  V. A.,  O. N. Krokhin. G.  V. Skli^kov. 

N.  V. Filippov.  and T.  I. Filippova.    Beam heating 

jnja "plasma focus".    ZhETF P. v. 18.  no. I. 1973. 

11-15. 

The authors consider the reasons for the unaccountably high 

yield of neutrons typical of a "plasma focus" source.    Spectral studies show 

that up to 80% of the total neutron output may be of thermal origin; however 

the plasma temperature ^Z0 kev) raises some doubt on this in view of a den«, y 

in the plasma focus  on the order of 1019/cm3.    Various type, of "second 

compression" of the plasma have been suggested to account for this yield. 

including beam instability, macroscopic turbulence, ionosonic in.tabtlity 

etc, but there is no experimental evidence yet to support any of these 

mechanisms. 
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In an earlier work (ZhETF P,  v. 15, 1972,  329) Gribkov 

et al showed that within 100 ns after initial compression the plasma reaches 

a density on the order of 1018/cm3.    Further    interferometry    tests showed 

that at the time of peak neutron pulse the plasma focus has a hanging 
constriction form, with a conical center region whose apex is toward the 

chamber anode; here the axial density is not over 10    /cm   compared to 

MO18/cm3 for the walls.    It is thus evident that a typical plasma waveguide 

appears,  formed by a beam of electrons pulled from the constriction region 

("plasma cathode").    The authors analyse the parameters of the electron 

beam and discuss its contribution to plasma heating.    A numerical example 

using some typical plasma and beam values gives a focused beam length 

of about 3 mm at time of equilibrium between magnetic field and beam 

pressures.    Test data are given comparing the effects of nitrogen and xenon 

doping of the deuterium, and illustrations of beam focus and hose instabilities 

are included.    The authors conclude that the cited beam effect is a major factor 

in heating in the final stages of the plasma focus. 

Essentially the same paper was contributed by the authors 

to the Sixth European Conference on Controlled Fusion and Plasma Physics, 

Moscow, 1973 (cf. RZhF, 12/73, no. 12G348). 

tl 

1 

Denus, S. ,  Z.  Jankiewice,  S. Kaliski,  et al. 

Generation of fusion neutrons in plasma produced 

by a strong laser pulse.    Bull. Acad.  Pol. Sei. , 

Ser. Sei. techn.,  v.  21,  no. 11, 1973. 121[937]- 

130[946]. 

The present paper contains a description and a discussion of 

results of an experiment, the aim of which was to produce high-temperature 

plasma of lithium deuteride and deuterium impregnated polyethylene and to 

generate neutrons of thermonuclear microfusion by a nanosecond laser pulse 
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with an energy of 20 to 40 j.    The results of the work reported mean the 

attainment of the world level in the research of the laser heating of plasma 

and the nuclear microfusion.    They will be a starting point for works using 

the laser-focus  or las er-cumulation compression systems etc. ,  for which 

the critical energy of the laser pulse necessary for positive recovery of 

the fusion energy is reduced to the order of tens of kJ or less.    Sec.   2 
concerns the experiments and the measurement systems used (the laser 
system and the system for measuring the X-radiation. the reflected radiation, 

ion expansion,  emission of neutrons,   etc.).    In Sec. 3 the authors present 

the results obtained; Sec. 4 comprises some corclusions. 

I 

I 

I 
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Basov.  N. G.,  V. A.   Boyko, S. M. Zakharov. 

O. N. Krokhin,   Yu. A.  Mikhaylov, G.  V. 

Skliakov,  andS. I. Fedotov.   Mechanisms for 

generating neutrons in s> laser plasma.    ZhETF P. 

v. 18, no.  5, 1973,  314-317. 

Contrasting experiments are described which demonstrate 

both predominantly nonthermal and thermal mechanisms of neutron generation 

in a laser plasma.   In the first case a single sharply-focused laser beam was 

used on a large CD, target; power was 10 Gw at a 2 ns  pulse length,   for a 

neutron yield of lO^/pulse.    Results obtained with a scintillation counter 

10 cm from the target showed a delayed secondary neutron pulBe some 40 ns 

after the laser pulse.   When a CD2 screen was inserted in the test chamber, 

this lag time dropped and signal amplitude increased (Fig. 1.  b).    This indicates 

that neutrons were generated from the interaction of plasma deuterons with 

deuterium on the screen or adsorbed on the walls. 
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Fig. 1.   Neutron yield from single focused 
laser. 
a - no scrsen;   b - with screen. 

It was also possible with a single-source cumulation configuration 

to obtain thermal neutrons directly with the laser pulse,  in which case no 

delayed neutron pulse was observed.    These results thus cast doubt ox. the 

conclusions of McCall,  Young et al (Phys. Rev.  Lett.,  v.  30, 1973.  1116). 

in which the appearance of fast ions was correlated with acceleration in a 

region of critical density. 
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In the second experiment a multibeam laser of 200 Gw, 

1.5 ns was used on a 110 ji diameter CD2 target,  generating 107 neutrons/pulse. 

Yield was monitored by three counters at varying distances from the target; 

Fig. 2 shows the response.    Neutron energy was calculated to be ~2.45 Mev. 

corresponding to the reaction d(d, n)He3.    The absence of "delayed" neutrons 

Laser pulse 
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Neutron pulse 
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Time marks =10 nsec 

Fig.  2.    Neutron yield,  multibeam experiment, 

resulted presumably from the high residual gas pressure of about 7 torr. 

With allowance for time reaolution of the measuring equipment, the authors 

determined that plasma ion temperature did not exceed 5 kev. which strongly 

suggests the thermal nature of neutron generation in the spherically heated 

plasma. 
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Dyatlov,   V.  D.,  R.  N.  Medvedev.   V.   N. Sirov. 
and A.  D. Starikov.    Measuring the reflection of. 

Bubnanoaecond Eülses of a powerful laser from a_ 

«nlid LiD target.    ZhETF P.  v. 19, no. 2, 1974, 

124-126. 

The authors describe a study on reflectivity of a laser plasma, 

as one of the factors critical to fusion.    This was done with an LiD target 

in iO-5 torr vacuum,  exposed to 90 ps pulses from an Nd ^^ 2 

Reflectivity was measured over an incident densxty range of 10      - 10     w ^cm . 

pulse energies to 300 j were attainable,  but the most stable results were 

lained at not over 100 j.    The beam was focused at f = 235 mm onto     target 

area of lO"3 cm2.    Incident and reflected pulse energies were measured by 

calorimeter; a high speed photo record was made of plasma development at 

a 60 nsec resolution.    Additional values measured included neutron yxeld. 

electron temperature, and second harmonic in the reflected signal. 

The results show a monotcnic drop in reflectivity as incident 

power density is raised (Fig. 1). 

10,0 - 

1,0 

0,1 
I        i    ■  i i L 

,n W 13 
JL-U 1 1    Ml 

.jgll ig» 

Fig. 1.    Plasma reflectivity vs. power density. 
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Andreyeva,   L.  T. ,  N. G.  Basov,  V. A,  Boyko, 

M. T. Vanina,  S.  M.  Zakharov,  O. T. Krokhin, 

G.  V. Skliekov,   B.  M.  Stepanov,  V. N.  Filinov, 

and V.   P. Churakov.    High-^peed multichannel 

recording of the radii tion apectra of a laser plasma 

flare.    IN:   PTE,  ao. 6,  1969,  217. 

A technique for studying the spatial-time structure of a 

laser plasma flare is briefly reported.    The flare was studied by means of a 

high-speed multichannel recording system which provided for time correlation 

of different processes with an accuracy of 2-3 x 10       sec.    Type 7ELV-F7 

and ELU-FT high-speed multichannel multipliers (2 and 8 channels,  respectively) 

were used,   having a linear output current of 2. 5 a,  gains of 10    and 5 x 10   , 

and time resolution 2 msec and 5  naec,  reapectively.    The high-speed six- 

trace oscillograph used (6LOP-02M) has a sweep speed that can be regulated 

from 3 to 5. 0 msec/cm. 

It was found that plasma radiation begins simultaneously with 

tbe impact of the laser pulse,  and reaches a maximum intensity at the peak of 

the laser pulse.    The CVI and CV ions (laser energy 10 j; >   = 5292 A and 

4925 A,   respectively) are the fastest ones; they diffu3e at a velocity of 

2 x 7 x 103 cm/sec, carry away a  mass of 0. 35 - 1. 7 10"    g,   and have a 

kinetic energy of 1-7 j. 

The maximum intensity of thermal x-rays also coincided with 

the laser emission peak.    However,  their lifetime is slightly shorter than 

laser pulse duration.    The ion temperature was determined to be 200 eV, 

with no significant change during the laser pulse. 
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Basov, N. C.  V.  A.  Boyko,  V. A. Gribkov, 

S. M. Zakharov,  O.  N. Krokhin,  and G.  V. 

Sklitkov.    Time variation in temperature of a 

laser-induced plasma flare,  from x-radiation. 

ZhETF P, v. 9, no.  9, 1969, 520-523. 

( 

1 
! 

I 

Tests are described for determination of Te of a laser 

plasma by an absorption method using soft x-rays.    The method enables 

determination of the time dependence of plasma x-rays passing through 

two beryllium filters with densities of 15. 5 and 31 mg/cm   with a resolution 

of ±2. 5 nsec.    The plasma was produced by a laser pulse with energy up to 

30 j and duration of 15 nsec.   The laser was focused by a lens with f = 5 cm 

onto a carbon target in a 10"    torr vacuum. 

The time dependence of electron temperature Tc determined 

from the ratio of signals from photomultipliers^using numerical data 

according to lahoda et al.  (I960) and Elton et al. (1967) is shown in Fig.  1. 

Fig. 1.   Time dependence of Te (d). 

a- laser pulse, b-,Bignal from photomuliplier,        2 
filter = 31 mg/cit/, c- same, filter = 15.5 mg/cm , 
Time resolution of photomultiplier = 5 nanosec-, 
accuracy of signal correlation at least 1 nsec; laser 
energy = 27 j. 

' 
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As seen in Fig.  1 the electron temperature changes negligibly 

in spite of significant variation in emission intensity F(t).    The following 

explanation is given:   the temperature of the hot plarma generated under these 
12 2 ? 

conditions (flux density = 10     w/cm  ; laser spot diameter,   10      cm,   pulse 

deration = 15 nsec) depends on the instantaneous flux density.    Time variation 

of the average flux density q = FArd2 (d = 2f 9(t) is stipulated by 9(t) (0 = laser 

dispersion).    According to Basov et al (DAN,  v.  173,  1967,   538),   9(t) initially 

increases from 2. 5 x 10"    to 3 x 10"3 rad,  then subsequently decreases so 

that d varies from 0.025 to 0.3 mm.    Thus at appropriate values   of F(t) and 

9(t),  the electron temperature Te may hold a constant value over a large 

part of the laser pulse. 

i 
Boyko,  V. A.,   Yu.   P.  Voynov,  V. A.  Gribkov. 

and G.  V. Skliekov.    Identification of K XIII.  K XIV. 

K XV.  and Fe XVII lines emitted by a laser plasma. 

OiS.  v.  29,  no.  5,  1970,   1023-1024. 

li 

I 
i 
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Spectral identification of highly ionired K and Fe lines is 

briefly reviewed.    The excitation source is identified only as a 2 Gw  laser. 

Resolution with a DFS-6 spectrograph was ±0.04 A; line intensities  were 

evaluated visually.     Results are given in Table I.    Discrepancies with 

data  of other authors is discussed. 

(Table on next page) 
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Basov,  N.  G.,  V. A.  Boyko,   Yu.  A. 

Drorhbin, S. M.  Zakharov,  O.  N. Krokhin, 

G.   V. Skliskov,  and V.  A.   Yakovlev.    Study 

nf the initial stage of gas-dynftaxi: divergence 

of a laser plasma flare.    DAN SSSR,  v.  192. 

no. 6,  1970, 1248-1250. 

Data on laser interaction with a carbon target are discussed. 

Nd glass laser radiation with pulse energy of 10 j and duration of 15 nsec 

was focused at f = 5 cm onto a carbon target in a 10"    torr vacuum.    A slit 

image of the plasma flare was obtained with a spatial resolution of 20 lines/m, 

and time resolution of 0. 5 nsec. 

I 

11 

1 
1 

Typical records of a carbon flare are shown in 

time diagrams of ion diffusion are shown in Fig.  2. 

I     i ! 
I 

-    ■        ,    v. 
i - 

■       >• 

i t. 

Fig.  1.     Spatial- 
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;.V   .J 

Fig. 1.    Slit image of a carbon flare in the form 
of spectral lines of different ions. 

a- CVI, X = 5292Ä; b- CV, X = 4946 h. c- CIV, 
X = 5801. 51 A; d- Cm. X = 4662.7 A-, e- continuous 
noise; f- CVI, X = 5292 h. g- CV, X = 4946 A. 
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Fig.  2.    r-t diagrams of diffusion of different 
carbon ions. 

Hatched region - intensity of continuum exceeds 
the intensity of lines. 

As seen in Fig. 1, at r < 1 mm the plasma radiates a 

continuous spectrum in the visible range,  and at r > 1 mm,  a discrete one. 

At r = 10 mm the CVI and CV ions separate from the target (Fig,  1,  f, g). 

I 
1 

Based on the experimental data the following model for the 

gas-dynamic motion of the heated matter is developed:   from the heated 

region (r <  d) where T   ~  120 eV, plasma diffuses into the vacuum normal to 

the surface with a velocity of ~6!i0    cm/sec.    In this region the velocity of 

the plasma diffusion is close to sound veloc^y,   and the corresponding ion 

temperature is T.~l i5 eV.    A significant plasma acceleration then occurs 

at r < 1 nrn, where the velocity increases by several times.    Thus, for the 

outer region of the C    _ , ions,  an asymptotic velocity,  determined from the 
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radiation of the CVI ions 10 nsec after their escape from the heated region, 

is about 3 x 107 cm/sec, which corresponds to a directional kinetic energy 

of 5 keV. 

The total mass of the carbon nuclei and CVI ions was determined 

to be 10"7 g and kinetic energy ~3-4 j.    The energy lost by the plasma in 

the r < d region for the radiation in the 20-100 A range was estimated to be 

about 0. 5 j     during an interval of 40 nsec. 

Dymovich,  V. I., S. D. Zakharov,   P. G. 

Kryukov,   Yu. A. Matveyets,  and S. M. Sil'nov, 

Determining the composition of a plasma generated 

by a powerful laser pulse.    KSpF,  no. 4, 1970,  53-60. 

The authors note that LiD exposed to air will become 

contaminated so as to inhibit generation of deuterium ions.    The reactions 

LiD + H20 -*■ LiOH + HD 

LiD + H. LiH + HD (2) 

r: 

I 

occur,  in addition to surface absorption of free nitrogen and other trace 

contaminants.    Tests showing this were run on LiD targets previously 

exposed to air for intervals up to several days,   using a Q-svitched ruby 

and a time-of-flight mass spectrometer,  as shown in Fig.  1.    Tests run at 

10"4 torr.  showed a clear variation in ion content with repeated pulse "cleaning" 

of a given target area.    Evidence of both H+ and D+ indicated that reactions 

(1) and (2) did occur; a sample oscillogram shows growth in Li    and D    with 

successive pulsing,  when crater depth was not enough to cause defocMsmg. 
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Fig. 1.    Spectrometer schematic. 

1,2,3- Mirror,  filter,   ruby; 4- lens; 5- target; 
6- drift space; 7- analyzer; 8- photomultiplier. 

i 
1 

Based on these studies the improved neutron generato- of 

Fig 2 was developed.    The neodymium laser generated 10 nsec pulaee at 

0.3 j,  focused at f = 100  mm on an angled LiD target in a grounded container. 

A second target of deuterated polyethylene (CD2)n was placed 10 cm from 

the first and set at a negative potential variable from 0 to (-) 50 kv.    With 

sufficient acceleration,  deuterium ions from LiD striking the ion target 

yielded neutrons,  from 

d + d -♦•He3 + n (3) 

Threshold for detectible neutron generation was around (-)30 kv; a suppressor 

grid (Fig.  2) had to be added to prevent arc-over between targets. 
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Fig.  2.    Laser neutron generator 
1,  2,  3 - Nd glass laser, mirrors, Kerr cell; 
4 - lens;   5 - LiD target;   6 - suppressor grid; 
7 - auxiliary (CD2)n target;   8 - scintillator 
counter. 
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CompariBon of counter results with a Cs reference 

showed a yield of some 104 neutrons/pulse by this technique,  although the 

yield varied from pulse to pulse.    The authors note that a target previously 

exposed to air for 10 days failed to generate neutrons, which emphasiees 

the importance of avoiding LiD contamination. 

( 

I 

1 
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Aglitskiy,   Ye.  V.,  V. A. Boyko,   S.  M. 

Zakharov,  G. V. Skliekov,  and A. N. 

Fedorov.    Observing x-ray lines of highly- 

ionJEed iron in a laser plasma.    KSpF 

no, 12,  1971,  36-40. 

A beam-target experiment in which laser pulse powers on 

the order of 10 Gw were obtained is described.    At this level the resultant 

T    in the plasma may reach 1000 eV, which indicates that transitions in the 

soft x-radiation band should be observed.    A system for doing this is shown 

in Fig. 1. 

A 2 nsec pulse of 40 to 100 j was focused onto an iron target 

in vacuo as shown in the figure.    Radiation from the target plasma passed 

through a filter system to a tinned cylindrical steel surface,  reflecting at 

an angle governed by wavelength to a film sector as shown.    Calibration 

was done with the indicated x-ray tube; a resolution of 3 x 10      A or better 

is claimed for the method.    The authors thus identified some forty multiply- 

ionised Fe lines in the 10 to 18 k range, and suggest that more lines might 

be detected with a resolution refinement to 0. 001 A, which should be feasible. 

The cited results indicate nonequilibrium ionieation,  a question that should 

be resolved by simultaneous measurement of x-radiation and Tp. 
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Fig.  1.   X-ray spectrography of a laser plasma. 
1 - high-pass filter;   2 - null-reflection diaphragm; 
3 - control slit. 
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Granatkin,   B.  V.,  A. I.  Isakov,  and A.  A. 

Tikhomirov.    Scintillation counter for recording 

fast neutrons generated by a laser plasma. 

KSpF,  no. 6,  1972, 62-68. 

i 

i. 
If t 
1 
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i 
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A scintillation counter of fast neutrons from a hot la^er- 

generated D plasma is introduced for use in plasma diagnostics.    The counter 

features a hydrogen-containing neutron moderator in the form of a prismatic 

polystyrene scintillator block incorporated into a light-proof aluminum 

container.    As the result of collision with H atoms,  the moderated and 

thermaliBed neutrons are captured by H atoms.    The capture gamma rays 

with 2. 2 MeV energy excite the scintillator molecules which emit light 

pulses.   The latter are recorded by two photomultipliers fixed to the opposite 

lateral surfaces of the counter.    Simultaneously,  pulses from recoil protons 

produced in the counter by neutron radiation of the plasma are recorded by 

a similar photomultiplier on top of the container.    The recording circuit of 

the counter is shown in Fig. 1. 

PhM 

Fig. 1.    Recording circuit:   SC- scintillation 
counter; PhM - photomultipliers; Am- amplifiers; 
D- discriminators; CC- coincidence circuit; 
A- single-channel, time-delay analyser; PP-9- 
high-speed scaling circuit. 
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The maximum efficiency e of the counter was calculated 7 max 
to be 0.27.    The life-time T of thermal neutrons  in the moderator was 

determined from measurements of the time . dependence of neutron density 

decay, using the neutron detection system of Fig.  1 or the more precise 

AI-256 multi-channel,  time-delay analyser and a pulsed neutron generator 

from D-D and D-T reactions.     The neutron density-time plots show that 

T values measured by both techniques are in good agreement (204 and 205±4 

fjisec).    The counter efficiency was also determined by monitoring with a 

flat-response counter the number C of neutrons emitted in a single flash. 

The f value thus obtained for DD neutrons was 0. 2 ± 0. 25.    The time lag 

TM of the counter and the recording system was measured to be (0. 5 ± 0.1)xl0 

sec.    A minimum 100 neutrons  per flash emitted into a total solid angle can 

be recorded.    With the cited TM,  accuracy of Q determination is little better 

than 20%. 

K-m 
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In addition to the high sensitivity of the counter,  its flat 

response and controllability of counting speed are cited as particular 

advantages.   The recording system can be started after the plasma is 

dissipated (40 jisec after a fast neutron flash), thus permitting the measure- 

ment of neutron flux during x-ray emission.   The counter was used to 

measure n of fast neutrons emitted by a laser-heated D plasma at the 

temperature of nuclear fusion.     Using the plastic counter,  tht n of neutrons 

with 18 j energy emitted in the total solid angle was evaluated to be (4±1. 5). 10 ; 

the corresponding deuteron temperature of the plasma was = 0.7 keV.    The 

plasma was produced by heating a solid C  D-    target with 2 nsec,   12 j pulses 

from an Nd laser. 
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Volobuyev,  I.  V.,  n.  V. Granatkin,   and A.  T. 

Isakov.    Detector with a liquid scintillator for 

recording neutron flux from a laser plasma. 

KSpF,  no.  1, 1972, 69-72. 

The authors observe that as neutron yield from laser fusion 

experiments has grown,  the requirement of highly sensitive neutron detectors 

has been superseded by the need for fast-response detectors of improved 

and simplified construction.    A new detector of this type is described, based 

on a liquid scintillator solution of white spirit (CnH2n+2,  n = 8--12), type 

PPO organic activator,   and type POPOP spectral shifter.    Fig. 1 shows a 

functional diagram of the overall circuit.    The control trigger gates the 

9 trigger]^ 

Fig. 1.    Block diagram of neutron detector. 

1- scintillator; 2- photomultiplier; 3- amplifier; 
4- PP-9 counter; 5- trigger. 

counter on 40 (Jisec after the laser pulse,  and holds it open for durations up 

to 800 jisec.    Operating characteristics of the detector are given in terms 

of neutron flux decay vs.  scintillator element dimensions,  based on 

excitation by pulsed generators of DD and DT-neutrons.    The unit is housed 

in a 30 x 30 x 28 cm3 aluminum container; it is claimed to be only 2% 

of the cost of a polystyrene type of scintillator. 
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Zaritakiy,  A. R.,  S. D. Zakharov,   P.  G. 

Kryukov,   Yu. A.  Matveyets,  and A.   I. 

Fedosimov.    Variation in the back-scatter 

radiation spectrum from laser heating of a 

plasma.    ZhETF P, v. 16, no. 4, 1972,  184- 

188. 

(CH2)   ,   (CO,)   ,  D-O ice,  and Al were used as targets in 

spectrum measurements of laser beams reflected from plasma.   The emission 

source was a mode-locked neodymium glas.? laser comprising a generator 

and a six-stage amplifier.    The spectral measurements and the plasma heating 

were carried out on a fundamental frequency X = 1. 06 ^ as   well as the second 

harmonic X = 0. 53 p..    Harmonic conversion was effected at an efficiency of 

up to 50% by a KDP crystal.    The initial oscillation spectrum was contracted 

to ~0.05 A by inserting Fabry-Perot axial mode selectors into the resonator. 

The laser pulse was thereby lengthened to 1 nsec. 

Spectrograms for four laser bursts on a LiD target (objective 

f = 4. 5 cm, X = 0. 53   n) show that a large number of equidistant lines can be 

seen in the light spectra reflected from the plasma.    The lines generally are 

situated both in the Stokes and the anti-Stokes portions of the spectra.    The 

number of lines is a function of the energy and,  as a rule,  the greater the 

burst energy the greater the number of lines.    The width of each line is 

within the resolution limits of the equipment (0. 05 A).     At   an output-energy 

level of about 5 j,   spectra were recorded with variable focusing;   objective 

f = 4. 5 cm and lens f = 30 cm.    In the first case line multiplication was 

continuous, while in the second case it was observed in about half of the 

bursts; this reflects the threshold character of the effect,   since the focal spot 

diameter was one order greater for the lens. 
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Vinogradov,  A.   V.,  and Ye. A.  Yukov. 

Effect of two-pboton proceases on the x-ray 

spectrum of laser plasma.    IN:   Sb. Kvantovaya 

elektronika,  no.  2(14), 1973, 105-107. 

I 

Additional discrete x-ray spectral lines (laser satellites) in 

a laser plasma self-radiation spectrum are analysed as the effect of the 
Raman-anti-Stokes scattering of laser radiation and laser-induced two-photon 

emission.    The additional line pairs of approximately equal intensity, with 

interline spacing equal to two laser quanta,  appear in the laser plasma 

spectrum, at a sufficiently strong laser field, near the optically forbidden 

transitions.    The satellite at the shorter wavelength corresponds to Raman- 

anti-Stokes scattering,  that at the longer wavelength to stimulated two-photon 
emission.    The laser satellite intensity per unit volume is expressed as 

P={iü'lu>)l,Nta, (1) 

where co and Cü' are the frequencies of laser radiation and a laser satellite, 

respectively, I   is the laser radiation intensity,  N2 is the population of the 

excited ion level,  and a is the Raman scattering or two-photon emission cross 

section.    The latter is expressed in approximation of a single virtual   energy 

level. 

Using (1), the ratios of P to P3B_2p or P3p-i8 inten8itie8 

of the allowed transitions between the multiply charged ion levels  are 

calculated for an Li-similar Fe XXIV or an He-similar FE XXV ion, 

respectively.    It is shown that the P/P38.2p ratio i8 indePendent of N2-    The 

P/P ratio depends on I  /N   and can be a measure of the latter ratio. 
'    3p-ls r o     e 

The P/P       o    ratio can be used to determine laser flux density in the plasma, 
3 s "2p 

and hence to obtain information on powerful radiation absorption by the plasma 

and the electron temperature distribution of laser radiation field intensity. 

i 
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The limit of applicability of the expression for a is determined 

by 

, he >»%„> 
(2) 

I 

where c is sound velocity,   e and m are the electron charge and mass,  w^, 

is the frequency of the allowed transitions,  and f nn1 is the oscillator strength 

of the transition to a virtual level.    It is calculated from (2) that,  in the case 

of the 2B-1S transition in Fe XXV ions, the expression for cr is applicable 

for I   < 1017 w/cm2.    At I    > 10     w/cm ,  the spontaneous ionic spectrum 
o o — 

changes appreciably.    In summary,  analysis of a laser plasma x-ray spectrum 

indicates that additional very strong lines can arise and can be used for 

diagnostics of a high-temperature laser plasma (kTe~l-10 keV. 

i 

i 

I 
I 
1 
i 

Voronov,  G. S.,  and L.   Ye. Chernyshev. 

Change in the ion composition of a diapersine 

multicharged laser plasma.    ZhTF,  no.  7, 

1973, 1484-1487. 

Analytical expressions are derived for determining relative 

changes with time in ionisation levels and temperatures of a laser-generated 

plasma.    The model assumes an initial spherical ionieed volume with diameter 

equal to the focused spot of a giant laser pulse,  or about 0.05 cm,  and 

expanding radially at the order of 5 x 10    cm/sec.    The initial temperature 

is assumed high enough so that charge k = 10 for all plasma ions. 

From solution of T(t) and Nk(t) for plasma temperature and 

charge population,   respectively,   curves were obtained as shown in Figs.  1 

and 2.    In Fig. 1 a cooling down from an initial high temperature is assumed 
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Fig. 1.    Change in plasma ion composition 
and temperature vs. time, 

21 "i T0 = 100 eV, Ne = 10     /cm , initial diameter 
0.025 cm.    Curve figures show charge. 
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Fig, 2,    lonieation change during laser pulse. 
Initial conditions as in Fig. 1, 

to set in, while in Fig,  2 the temperature is sustained during the period of 

the laser pulse.    Both ordinates are normalized to the total number of plasma 
atoms. 
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RcBults  show that in the later stages of plasma development, 

charge state changes mostly owing to recombination from trlole collisions. 

and that at the end of the laser pulse the charge system has evolved to a bell 

shaped distribution. 

I 

i 

i 

I 
i 

I 

Aglitskiy,     Ye.   V.,  V.  A.  Boyko,   L.  A. 

Vaynshteyn,   S.  M.  Zakhurov,  O.  N.  Krokhin, 

and G.  V. Skliekov.    Observation of resonant 

transitions in Batellites of hydrogen- and 

helium-like iona of Mg and Al in a laser plasma. 

OiS, v. 35,  no.   5, 1973,  963-966. 

Using the Q-switched Nd glass laper described previously by 

Basov et al.  in CD,, plasma studies (ZhETF P.  v.  13.  1971.  601).  the authors 

observed x-ray spectra of magnesium and aluminum plasmas,   at power 

densities to 1014 w/cm2.    Fig. 1 shows     sample spectrograms obtained 

from 2-3 laser bursts.    A particular feature is the presence of satellite 

a.mt 
MgM [is* UZp. 

Fig.  1.     Laser spectra of Mg plasma. 

1 
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resonance lines of He-like Mg XI and Al XII,  of the type Is  nl-luZpnl,  as 

well as 11-like ions Mg XII and Al XIII,  of type Isnl-Zpnl.    A table is included 

listing the most intense transitions,  and comparing test and theoretical 

data with other authors.    The results are pertinent to conditions for laser 

plasma fusion. 

Aglitskiy,   Ye.   V.,   V. A. Boyko, S. M. 

. \kharov,  S.   A.   Pikue,  and A.   Ya.  Fayenov. 

Identifying transitions with doubly-excited 

levels in lithium-like Ti and V ions in a laser 

plasma.    ZhETF P, v. 19, no. 1,  1974,  16-18. 

1 

I 

i 

1 
1 

X-ray spectral analyses are given of titanium and vanadium 
14 2 

laser plasmas obtained by sharp focusing of a laser beam at 5 x 10     w/cm 

power density.    The measured spectral line wavelengths of the He-like 

Ti XXI and V XXII ions and the Li-like Ti XX and V XXI ions are tabulated 

along with data of Western authors for the cited ions,   as well as the 

wavelengths calculated earlier by three of the present authors (Preprint 

FLAN,  no.  113,  1973).  (Table 1).    The tabulated 19 lines were measured 

accurattely to 0.0005 A.    lonieation potentials of the Ti XXI and V XXII ions 

are 6.250 and 6.852 keV,   respectively.    The measured lines are related 

to the Is Zpnl-^ls    nl transitions which are tabulated. 

Identification of the 2.6141 line of the Ti XX ion and the 2. 3H56 

line of the V XXI ion was made by analogy with the corresponding Al XT line 

identified earlier,  together with extrapolation of the author's experimental 

data to the Mg X - V XXI isoclectronic series.    The Ti XX line was identified 

on the basis of theoretical data given in the cited paper.     Apparently the 

2.6480 Ti XX and 2.4140 V XXI lines each correspond to the total of seven 

theoretical lines. 
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The data given in this paper could be useful in developing 

methods of thermonuclear laser plasma diagnostics,  e.g. .  determination of 

plasma temperature and density from the He-like and Li-like ion lines.    The 

quality of laser plasma emission spectra is superior to that of vacuum 
spark emission spectra,  so that a sufficiently detailed identification of transitions 

in the multiply-charged ions is possible. 
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3.    Laaer Design 

Basov,  N.  G. ,   P.  G.  Kryukov,   V.  S.   Letokhov, 

Yu. A. Matveyets,  and S.  V. Chekalin. 

Amplification of an ultrashort pulse in two-com- 

ponent medium.    IN:   ZhETF P,  v. 10, 1969, 

479-482. 

A description is given of a two-component stable amplifier 

of ultrashort pulses, which yields a pulse train with energy exceeding 10 j 

and a single ultra-short pulse with energy exceeding 1 j. 

A schematic of the experiment is shown in Fig.  1.    A single 

WKIS 

1 
1 
i 
1 

Fig,  1.  Ultrashort pulse generator 

ultrashort pulse with energy of lO-3 - 10"2 j   is isolated from a laser pulse 

train by a nonlinear absorber,  and fed to a ring circuit through a cell with 

bleachable dye having an initial transmittance of 10-15% (1),  optics enlarging 

the beam diameter by a factor of 3 (2) and a wedge with T - 80%.    The 

amplifying stages consist of two 600 x 20 mm neodymium glass rods with a 

design gain of k~ 200 (4).    Cell 5 with no.  3955 polymethine dye has an 
initial transmittance of 0. 5%.    Lens 6 is used for distortion compensation, while 

rotating reflection prisms  7 are used instead of mirrors.    Additional losses in 
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splitter 3 as well as from Fresnel reflection exclude self-excitation of the 

system. The transmission time of the system is 19 nsec. Oscillograms of 

a typical ultrashort pulse and output are included in the article. 

Batanov,   V.  A.,   B.   V.   Yershov,   L.   P. 

Maksimov,  V.  V.  Savranskiy,  and V.   B. 

Fedorov.    Laser system with energies up 

to 10 kj for studying the interaction of power- 

ful aptical beams with matter.    KSpF,  No, 4, 
1970,  8-13. 

/       I 
I 

This paper is concerned entirely with the design and operating 
characteristics of a powerful laser array specifically developed for high- 

level beam-target studies.    The array consists of three parallel 3-stage Nd 

glass lasers whose combined output is synchronieed to focus on a target surface. 

A net energy of 10 kj at 1 millisecond is thus developed, providing a density 

up to 10    w/cm   over a 1 cm2 target area; focal distances up to 2 meters are 

used.     Pulse shape,  dispersion pattern and pump characteristics are 

discussed.    It was attempted to build high reliability into the array; however 

experience over two years has shown that breakdown in the output face., of 

the resonator elements is a limiting factor,  allowing only 5 to 10 pulses at 

the 10 kj    level,  or up to 50 times at the 5 kj   level,  before damaged elements 

must be replaced.    No test results with target materials are mentioned. 

I 
I 
1 
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Vanyukov. M.  P.. V. A.  Venchikov,  V. I. 

Tsayenko.  V. A. Serebryakov,  and A. D. 

Starikov.   High^intftngJlT Tnaodymium glasB 
User for .enerating «Jugh-temperature plajma^. 

OiS, v. 28.  no.  5. 1970,  1008-:.012. 

A high-power Nd glass laser for plasma generation is described. 

m 

c- 'jiil0^^ „-^-Ö «3 

oi wy 

! 

Fig. 1.    Optical circuit. 

I - driver oacillator; 
n - IV - amplifier stages. 

s    •      .+^s {12   20    30 and 45 mm,  respectively); a Galilean 
increasing rod diameters (12, 20, io() 

-^ *«* fhP beam expansion.    The laser energy 
telescope was used for the beam The flux confined to the ^fraction 

"" '^ W^ •     U.« U" — wa. t. n.ec.   B.«n div„Benc, 

LJa W anta^ .^c. .«., wa. He. .O SO .«a.   The ...CUV.., 

of the output emission is shown m Fig.  3. 

1 
I 
1 
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S, w/cm2 ster. 

0    0.1   0.2   OJ    OA   0.5   06 
a, mrad 

Fig.  2.    Distribution of User energy 
(1) and average luminosity (2). 

0.3   Di   0.1    Ü    0.1    0-2 JJ 
^.mrad 

Fig. 3.   Directivity of laser output. 

i 

With some refinemento the authors see this design as capable 
1A 2 

of producing densities up to 10     w/cm . 

This same system is briefly described elsewhere by Vanyukov 

et al.    (OMP, 11, 1969, 67). 
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Basov.   N.  G..  A.  R.   '/aritskiy,  S.  D. 

Zakharov.  O. N. Krokhin.   P.  C  Kryukov. 

Yu    A. Matveyets.   Yu.   V.  Senatskiy.  and 

A    I. Fedosimov.    ConeratioT. of powerful. 

lightpulseejti^0La£d^J3 ^ and its, 

studies^t^i^^^^^^0" ^"^ ^-^ 
plasma heating at two wavelengths,   IN:   Sb. 

Kvantovaya elektronika,  no.  5(11).  1972.  63-71. 

Calo^etric.   spectroscopic.  oaciUoBCopic    ^-ction shm. 
• <•„,. lacjpr radiation reflected 

and „oxaruation „ea.ur.ment data a« g.v.n to     »er 

by the plaBma of a .„Ua .ar6.t heat.a by »no«^ U.« ^   ^^^^ 
in14

w/rm       The 10      sec.  pulses, ww» 
densities above 10     w/cm .     i 1nrked Nd glass laser and 

ra,e, w.« .en.ra.ed a. !. 06 and 0. 53 . by a ^ ^   .     n .he next 
its second harmonic, respectively in the ap^ratus descried 

abstract by Basov et al. 

The data ohtateed present the first known attempt at the s^dy 
e i;^ t.ra^t     Tt was established j u   i.sioi* Vi«»atinß of a solid target,    ix w» 

ot pusma generated ^-^»L. decreased hy one order of ma.nitude 

that energy l7'" 70 "^ ' "ution to the second harmonic.    Hence, the 
fcom converston of 1.06 , la.er ^ ^^    _ 

absorption of the 1. 0b |X r advantaßeous for plasma heating for 
•   - «r TMrl laser radiation may be advantageout. ^ harmonics of INa laser i»"» 

nuclear fusion purposes. 
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/ 
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lUsov.   N.  C. ,   A.  R.   /.aritskiy,  S.   1). 

Zakharov,   P.  G.  Kryukov,   Yu.  A. Matveyete, 

Yu.   V. Senatskiy,  A.   I.   Fedosimov,   and S.   V. 

Chekalin.    Obtaining hieh power light pulses at 

1. 06 and 0. 53 tx a"d their application in heating 

plasma.     II.    Nd glass laser with second harmonic 

emission.  Kvantovaya elektronika,  no.  6(12),  1972, 

50-55. 

A detailed discussion is given of the critical factors which 

limit the output of high-power lasers,   and an experimental Nd glass laser and 

amplifier system is described which attempted to overcome most of the 

limiting factors.    This is an extension of the foregoing article by Rasov et al. 

describing plasma heating with such a system. 

Effective high power generation places severe demands on the 

laser system parameters.    Principal requirements are a high spectral purity 

of the active signal at pulse widths ~1 nanosecond,  minimum self-focusing, 

and effective decoupling of backscatter from the target back through the 

system.    These goals were achieved to some degree by the system shown in 

Fig.  1,   principally by using second harmonic generation in a KDP crystal. 

i 

I 

I 
in 

ips 
KDP i-tii i  "Ol I   K 

W07.  3   5 

i 
\t^^mm^^W 

Fig. 1.    Generator and amplifier. 

1- Nd glass rods; 2- resonator mirrors; 3- bleachable 
absorber; 4- aperture diaphragms; 5- axial mode selector 
6- lenses; 7- laser-triggered selector switch. 
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The driver laser used two rods of 10 x 240 mm cut at the Brewster angle, 

and a nonlinear absorber (dye no.  3955 in nitrobenEol) fixed to the 100^ 

reflecting mirror.    Use of a diaphragm at the output gave a beam dispersion 

close to diffractional.    Two Fabry-Perot interferometers were used to narrow 

the output spectrum to about 0.05 A.  causing pulse broadening to 1 nsec.    A 

Kerr cell was used to segregate one pulse from the train with an energy in 

the 10'5 - 10'4) range, which was then amplified in the subsequent six stages 

to a net gain of 10  . 

Tc reduce self-focusing,  the beam after the first two stages 

was given a slight divergence of about 0.003 rad,   so that at the final stage 

output the beam diameter had increased to 45 mm (maximum for the available 

rods); the beam was then returned to parallel by  afocal optics,   as seen in 

Fig.  1.    The positive effect of this was seen in a marked reduction of the 

filament formation typical of self-focusing.    The afocal optics were also used 

to correct for output astigmatism;  with this correction it was found that 61^ 

of the exit energy was within a 2 x lO'4 rad angle.    Intensity control was 

obtained by circular-hole diaphragms placed before the amplifier stages, w^th 

hole diameter slightly less than the succeeding rod diameter.    The criticality 

of diaphragm placement to avoid power loss and rod damage is emphasised; 

precise setting of them was required to obtain the 50 j pulse maximum. 

Reduction of backscatter was undertaken both to avoid spurious 

damage to the target by parasitic modes as well as reverse damage to the 

laser elements.    This was partly achieved by placing the target up to 15 meters 

away from the output stage; the remaining decoupling was provided by a 

diaphragm at the output face,  as well as the interstage diaphragms already 

mentioned.    Thus backscatter degradation at the fundamental was substantially 

reduced,  and at 0.53 ji was undetectible.    Frequency doubling was at an 

efficiency of 50% with 25% absorption in the KDP cell,   so maximum pulse 

output dropped to 10 j. 
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'Ihe authors conclude that their design could be extrapolated 

to increase performance,  e.g.  by increasing rod diameters to allow more 

beam divergence,  and by using more efficient harmonic converters,   such 

as DKDP or CDA.  in place of KDP. 

Basov,  N.  G. ,   Yu.  S.   Ivanov,   O.  N.  Krokhin. 

Yu.  A.  Mikhaylov.  G.   V.  Sklirkov.  and S.  I. 

Fedotov.    Generation of neutrons from spherical 

irradiation of a target by powerful laser radiation. 

ZhETF P.  v.  15,  no.  10.  1972,   589-591. 

I 

The authors note some limitations to neutron production from 

laser heating of a target for fusion purposes.    Specifically,  the effect of an 

increasingly powerful focused laser becomes offset by diffusion of the high 

temperature region owing to thermoconductive and gas dynamic energy loss. 

An alternative approach suggested recently by Basov et al is to heat a 

spherical target simultaneously with multiple beams; in the present case 

this was done with a deuterated polyethylene target exposed to nine equal 

beams,   as indicated in Fig.  1.  using an Nd glass laser m the giant pulse mode, 

This array attained a mean pov. er density of 1016 w/cm    on the target surface, 

at 2--16 ns duration.    The focusing objectives were placed to obtain a focal 

plane 200 JJ. from the target, for minimum reflection and uniform heating. 

Some results are shown in Table I for various target sizes and 

beam energies; the measured value was obtained from three scintillation 

counters.    The nr values,  calculated independently for thermoconductive 

and gas dynamic regimes, were 2.4 x 1012 and 2 x 1011 respectively.    The 

effect of cumulation in the cited experiments is concluded to be a minor one. 

I 
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Fig. 1.    Multibeam array for CTR target. 

1- preamplified beam; 6-8- second amplifier; 
21-29- third amplifier; 42-50- focus lenses 
Compensating delays for differing path lengths 
not shown. 

Target 
radius,   cm 

2.50-10 

1.25-10' 

5. 50.10 

3.00.10" 

-3 

Laser 
energy, j 

600 

202 

214 

232 

Mean 
temp. ,   ev 

40 

120 

840 

4.10: 

Neutron output per pulse 

exp. 

3.10 

:alc, 

S-IO' 

1-10 10 

Table I.    Neutron generation with multiple laser beam. 

i 

A moxe detailed description of this laser amplifier system and 

its operating characteristics is given elsewhere by Basov et al (ZhETF.  v. 62. 

no.  1,  1972.   203). 
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4. Theoretical Studies 

Askar'yan,  G.   A,    Obtaining high temperatures 

and strong; magnetic fields in a laser plasma, 

generated by a    tubular light beam.    ZhF.TF P, 

v.  10,   no.  8,  1969,  392-394. 

The theoretical possibility is shown for significantly increasing 

temperature and pressure and inducing strong magnetic fields in a luminous 

spark or plasma flare generated by a focused tubular laser beam.    In an 

approximation of quasicylindrical geometry,  the pressure Pj  of a convergent 

shock wave with initial radius r. would increase by compressing the medium 

to a radius r = O.lr..    At the easily attainable initial electron concentration 
_.  min^-j 1 

n = 10       - 10       cm3 and kT   ,   = 100 eV in a shock wave.   p.  is calculated 1 th • e sh     " /'       "" st 
to be =10    - 10    atm.    In the case of collapse,   i. e. ,   collision between two 

shock waves propagating in opposite directions,   the pressure behind the shock 

front is expressed by 

y - 1 y - i 
(1) 

where y is the adiabatic exponent and the exponent b for a very hot gas (y = 7/5--3) 

is 0. 4-0. 5.    In this case,  p, would increase by a factor K = 5-20.    This 

increase in p, may cause a significant increase in the output of hard x-rays 

and neutron emission from a highly light-absorbing gaseous mixture with 

deuteriumjliquid deuterium or a deuterated solid target. 

4 5 An  initial magnetic field Hj = 10    - 10    oe can also be compressed 

within a convergent shock wave in a tubular spark or flare to a value H(r) = 
7 7 H, (r. /r)   .    A maximum field strength H > 10    oe is calculated from the 

equality of the  magnetic pressure to the pressure in the shock wave reflected 

by the compressed magnetic field.    The cited method of producing magnetic 

fields   is simple,compact and easily controllable.    It follows that a magnetic 
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rror With a forward propagation rate   ~109 cm/sec    can be ueed to 

lerate conducting or charged particles and plasma portions. 

Afanas'yev,   Yu.  V.,   E.  M.   Belenov,   O.  N. 

Krokhin,  and I. A.  Poluektov.    lonieation 

processes in a laser plasma.    ZhETF P, 

v.  10.  no. 11, 1969,   553-557. 

A brief theoretical treatment is given describing the ioniration 

processes which occur in a laser-generated plasma.    Two general cases 

are considered,   namely for incident radiation density q limited to values 

for which the plasma can be considered as in quasiequilibrium.  and for higher 

values of q where thermodynamic equilibrium breaks    down owing to rapid 

electron diffusion.    The principal treatment is given to the latter case,   and 

a model is postulated for it which yields approximate expressions for plasma 

parameters including electron temperature,   ioniration level,  radiative 

output,  and others.    The cited case is characterised by an increasing 

divergence between electron and ion temperatures in the plasma; for example, 

for q - 1012 w/cm2.  the difference may be on the order of 10    ev.    The 

treatment given  is directly relevant to interpreting laser plasma diagnostics   in 

terms of brems Strahlung output or ion radiation lines. 

I 
i 

in laser-gene 

Bunkin,  F.  V..  and A.   Ye.  Kazakov.    Electron. 

heating and noncoherent hard radiation generated 

by interaction of ultrashort powerful laser pulses 

with matter.    ZhETF,  v.   59.  no. 6.  1970.  2233-2243. 

A theoretical study is described on electron heating mechanisms 

rated plasmas.    The analysis is principally concerned with the 
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, as. of pulso wulll,B on the order of a picoeecond,   at a wide range of inlensities, 

For intensities I substantially above critical 1^,   it is assumed that beam 

interaction is entirely with the plasma electrons and nuclei,  with ioni^ation 

occurring "instantaneously",  i.e. within the first one or two periods of the 

exciting radiation.    Continued irradiation at this level can result in hard, 

noncoherent brems strahl, ng generation from the plasma,  conditions for which 

are discussed.    It is pointed out.  however,  that bremsstrahlung can also 

cccur at appreciably lower electron temperatureu  ee,     ^ing to electron 

vibratory energy fvib.    For the sake of analysis,  thei.fore.  the conditions 

governing bremsstrahlung are defined in terms of two general conditions, 

namely ee>cvib C^^^" electrons) and €e<,vib ("unheated" electrons). 
Practical limits for obtaining the critical temperature and plasma density 

are also discussed. 

Runkin. F. V. and A. Ye. Kazakov. Compton 

mechanism in laser heating of an electron gas. 

DAN,   v.  192,  no. 1, 1970,   71-73. 

/ 
i 4 ' 

A theoretical treatment is given to the problem of high-power 

laser absorption in a plasma,  for the particular case in which a multiphoton 

Compton effect takes place.    This has been shown to occur in energy exchanges 

in which a plasma is heated to thermonuclear temperatures within the focus 

of a sufficiently powerful laser beam.    The authors derive expressions for 

energy absorption coefficient and rate for the assumed multiphoton mechanism. 

The rigorous equations for these are simplified for practical solution by 

assuming an initially relatively cool electron gas (T « 10    deg).   such that 

electrons are nonrelativistic.    With this assumption the approximate solutions 

for the energy equations were obtained by computer,   over a wide range of 

test parameters; a neodymium glass laser was assumed as a source.    The 

theoretical data show that for powerful e-m fields the electron gas can be 

! 
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strongly heated by multiphoton Compton effect; for example,  for an incident 
20 2 

laser intensity on the order of 10      w/cm    and within a picosecond pulse 
7 

width,  the electron gas temperature can rise 10    degrees,  or to thermonuclear 

temperatures. 

Runkin,   F.  V.,   and A.   Ye.  Karakov, 

Generation of electron-positron pairs from 

focused laser radiation in a dense plasma. 

DAN,   v.  193,   no. 6,  1970,  1274-1275. 

The authors continue their analysis of the general case 

postulated in their foregoing paper herein,  namely the production of 

relativistic energy levels in a nonrelativistic plasma by irradiation with a 

high-power focused laser.    The conditions for generation of electron-positron 

pairs are analyzed quantitatively in terms of the parameter y where 

T       wc» 11 Cx 

_e £•« 

2   3 
in which E-,   Hn = electric and magnetic field amplitude; E     ,  H      - m  c   eti, 

and c = electron energy.    For laser energies conceivably attainable in the 
19 2 -5 

near future,   i.e.,   on the order 10     w/cm  , y ~ 10     .    Hence the authors 

take y « 1 and  assume scattering effects by nuclei as well as interaction with 

free electrons,   in formation of electron-positron pairs.    From these assump- 

tions an expression is obtained for the number of pairs formed in a given 

plasma volume at a given initial electron density and incident laser radiation 

energy.    An assumed limiting case,  determined by maximum tolerable 

electron density,   is shown for X = 1. 06 |j. (Nd laser),  radiation density = 
19 2 -7        3 

5 x 10     w/cm  ,   a   one-picosecond pulse and a focus volume of 10      cm  . 
4 

From this the maximum attainable number of pairs N   ~  8 x 10    Z where Z 

i 
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is atomic charge.    An expression tor absorption coefficient is also derived. 

The authors note that the model does not require a prior i misation of the 

target volume since it can be shown that total Ionisation of the irradiated 

atoms can conceivably take place within the first period of the incident optical 

wave owing to tunneling action. 

Anisimov.  S.  I.    effect of ultrashort laser . 

pulses on absorptive substances.    ZhETF, 

v.  58,  no.  1.  1970,  537-340. 

An analysis is given of the dyn.xmi« of material evaporation 

by laser pulses on the order of a picosecond,  „nd significant difference. 

L pointed out between these results and those obtained with the usual longer 

duration pnises.    The specific difference, occur in the mechanisms of 
condensed matter evaporation and in the Hne.ics of expansion of the result ng 

plasma.    The author assumes a laser pulse duration „ell below the character- 

istic time for hydrodynamic motion,   V  thus mas» motion during the pulse 

interval may be neglected and the hydrodynamic and optical port.on. of the 

problem can be treated separately.   The analysis shows that determinate of 

^ecific vaporisation energy and of vaporised mass can be obtained from 

knowledge of shock wave parameters in the targe, material.   1. .. .ound that 

for sufficiently short pulses, the evaporated mass M is related to absorbed 

energy Q by M ~ Q1 ^ where tt < 1/6.    This is contrasted with the normally 

longer applied pulse,  in which case the specific energy of evaporation nse. 

rapidly with increased Q. 

1 
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Boyko,   V.  A. ,   and A.  V.   Vinogradov.    On. 

the role of reflection in hip;h-temperature 

heating of condensed matter by laser radiation. 

KSpF,   no.   5,  1970,   14-19. 

Since the absorption of incident radiation in the generated 

plasma is critical to the laser fusion process,  the authors analyse the factors 

governing absorption coefficient.    The model assumes normal incidence of 

the e-m wave on a fully-ionired deuterium plasma,   in which Ne is an 

exponential function of distance x from the target.    Expressions are derived 

for complex dielectric constant in terms of laser wavelength and other 

parameters; these formulas relate coefficient of reflection to electron 

temperature,  density,  and nonuniformity level of the plasma in a useful way. 

Fig.  1 shows the resultant graph which allows determination 

of reflection coefficient for a wide range of the other parameters; here L = 

R'1 

c,i 

0.01 
___________      JL 

'.C    20    30    ^0     5B     ^ 

Fig    1     Correlation of transition layer 
tem'perature T,   0K,  reflection coefficient R 
and nonuniformity factor L/X for a deuterium 
plasma. 

1 

i 

distance over which Ne drops from 1021 to 10     .    The graph shows,  for 

example,   that at Te = 2. 5 x 107 deg K,  in order to have effective absorpUon 

of incident radiation the nonuniformity factor,   L,  must be on the order of 

BO times incident wavelength X. 
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The authors note that their analysis accounts for nonlinear 

behavior of dielectric constant with x; this makes it a refinement of a similar 

study by Dawson et al.     (AIEE Fluid and Plasma Dyn.   Conf. ,  68-676,   Los 

Angeles,  1968) who assumed that c(x) was linear. 

Afanas'yev,   Yu.  V.,   E.  M.  Belenov,   O.  N. 

Krokhin,   and I.  A.   Poluektov.    Hydrodynamics 

and kinetics of a multiply-ioniged,   confined 

weakly-absorbing laser plasma.    KSpF,  no.   5, 

1970,   43-47. 

This is an extension of an earlier pajer by the authors on 

the kinetics of a rrvaitiply-ioniBed laser plasma (Zh^TF P,  v.  10,  353-357), 

which did not consider hydrodynamic motion of the plasma.    The treatment is 

generalized here to include hydrodynamic motion effects,   one result of which 

is to remove constraint on pulse duration.    The problem then is solution in 

Lagrange coordinates of the energy balance equation 

d  c/dt + P dv/dt = Q (D 

I 

where e = unit thermal energy of the plasma,   P = pressure,  and Q includes 

incident energy plus ionisation losses.    The variables are further defined in 

terms of the absorptive coefficient of laser radiation,   ionisation level z^ and 

electron temperature T   . 

It is shown that the solution of (1) is independent of the nature 

of hydrodynamic motion,   and that the hydrodynamics only affect r(t) and Te(t). 

Hence for a full solution it is sufficient to know the density vs.  time relationship 

of a fixed mass of plasma.    The treatment accordingly examines »(t) and Te(t) 

using a simplified model of a uniform plane plasma layer of fixed mass.    From 
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the derived expressions an optimum incident flux density q"  is apparent,   for 

which z attains maximum.    In ';he cited model it can be shown that q   is on 

the order of 1012 w/cm2.     Also,  the lower limit for the validity of this 

model is given as q = 1010 w/cm2, below which iomeation equilibrium evidently 

will occur. 

Zakharov,  S.   D.  and V.  N.  Fayzulayev. 

Brems Strahlung absorption of powerful 

e-m radiation pulses in a fully ionized 

plasma.    KSpF,  no.  5,   1970,  8-13. 

The authors note that under high temperature heating of a 

plasma by laser radiation,   absorption of light may be caused principally by 

brems Strahlung emission,   in which case the absorption coefficient K is 

independent of e-m field intensity.    However,  for powerful laser pulses in 

the picosecond range the field amplitude may have an appreciable effect on 

absorption; also,   in this case the pulse width is comparable to the periodicity 

of electron-ion collisions, which would tend to reduce the absorbed  energy. 

Assuming the latter case, the authors calculate K as functions of field strength 

E and pulse width T,  basing their work on an earlier paper by Bunkin et al 

(ZhETF v. 49,  no.  10,  196 5).    A graphical solution for K(E) is seen in Figure 

1 for two heating levels. 

(Figure on next page) 
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Fig.  1.    Brems Strahlung absorption vs.   field 
intensity. 

X = 1 (X,  N    =5x10     /cm  ,  Z = 1. 

■ I 

1 
1 
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Zakharov,  S.  D. ,   O.  N. Krokhin.   P.  G. 

Kryukov,   and Ye.   L,  Tyurin.     Elfctron-ion 

relaxation in a plasma produced by ultrashort 

laser pulses.    ZhETF P,  v.  12,  no.   2,  1970, 

115-118. 

This is a theoretical description of electron-ion relaxation in 

a high-temperature dense plasma obtained by focusing powerful ultra-short 

(r = 10"11  - iO'12 sec) laser pulses onto a solid target,   e.g.,   LiD.    Electron 

thermal conductivity is assumed to be negligible at an initial temperature To < 

500 ev in the plasma with n^ = 1019 cm-2, where no is the ele- tron density 

and X   is the plasma initial dimension.     Also gasdynamic expansion of such 
o 
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a  plasma durinR time r can be neglected; it is noted that r is much shorter 

lhan Ihe time r   . of electron-ionic relaxation, 
ei 

The af>sumption that electrons are heated instantly to To is 

iustified.  because the time r  , of electron-electron relaxation is shorter,   e. g. , 

~10        sec.,  thanr.    A completely ionized plasma with bremsstrahlung is 

considered at T    > 100 ev.    Heating of a small particle and a thin foil is 
o 

described by a set of equations of plasma motion,   energy conservation 

with allowance for radiation,  and electron-ion relaxation.    The initial conditions 

are:   T   (0) - T   .   T.(0) = 0,   X(0) = X .   and n (0) = n e o       i o e o 

An approximate solution to the cited equations is presented 

in the form of the maximum ion temperature T.      versus T^   since the T.m 

value is the most important for determination of neutron yield.     The T^^^ 

plot (Fig.  1) shows that,   as T    increases,   relaxation in the process of 

./        I. 

i 
T.kev 

Fig.  1.    Maximum ion temperature Tirn vs. 
initial electron temperature T0 in LiD plasma 
at n0X0 = n0T0 = 1019 cm"2. 

Curve 1- two-dimensional dissipation,   curve 2- 
spherical dissipation. 
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dissipation causes a slowdown in T^    rise.    The decrease of ) with 
im ' im 

further increase in To is explained by a plasma dissipation faster than heat 

transfer from electrons to ions.     At a given To,  Tim depends on nX^ 

Al n X   = const,  the temperature T   '" of the peak T.m is -(^X^1 2.    At 
o   o .. -, IA u . , 

, where Z is the average ion charge. n    = const,  T      ~ Z 
e o 

It is concluded that it is impossible to attain T. > T.m    in 

a shielded plasma (n^ = const).    Higher T. can be obtained by simultaneous 

increase in T    and nx", which is attainable by interaction of a very powerful 

pulse with a massive^arget.    In this case,  a high ion temperature is 

obtained with concurrence of the thermal conductivity mechanism. 

i 

1 

i 

I 

Zakharov,  S.  D, ,  Q N. Krokhin,   P.  G. 

Kryukov,   and Ye.   L.  Tyurin.    Plasma heating 

hyultrashort laser pulses in the process of 

electron heat conduction.    ZhETF P,  v.  18, 

no. 1,  1970,  47-50. 

Results are presented of the numerical estimate of the ion 

temperature increase in a laser plasma due to thermal conductivity.    The 

model considered assumed instantaneous heat release from electrons in an 

infinitely thin skin layer of the target.    Te(x.  t) as well as T.(x.  t) were 

given in the form Te(t) (1- x2/x*)2/5 where xf   is the electron thermal wave 

front coordinate (Zel'dovich and Rayrer,  1966).    In the  determination of the 

maximum ion temperature T.m the effect of the diffusion of the heated layer 

could be neglected, while the time rm during which Tim maintains relative 

stability depends on the diffusion of the heated layer with a thickness of xm. 

Expressions for T.m.  xm and rm were developed for solving equations of 

thermoconductivity,   energy conservation and electron-ion relaxation for the 

average temperature T. 

1 
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The results of calculations are shown in Fig.  1.    They are 

seen to be in good agreement with the values reported by Shearer and 

Barnes (Phys.  Rev.   Lett.,   P4.   1970,   9?). 

I 
Fig. 1.    The dependence of plasma neutron 
yield on the absorbed laser energy,  calculated 
for solid D and LiD. 

Circles- calculations of Shearer and Barnes (1970). 
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Zakharov,  S. D. ,  O. N. Krokhin,   P. G. 

Kryukov,   and Ye.   L.  Tyurin.    Role of 

focusing in thermal conooctivity heating of 

a plasma by strong laser radiation.    IN: 

Sb,    Kvantovaya elektronika (Moskva),  no.  2, 

1971,  104-107. 

Laser heating of a plasma is studied for the high beam energy 

case in which penetration of the thermal wave into the target surface exceeds the 

focused  spot sire,  2ro.    It is shown that a spherical model of heat propagation 

under these conditions0 is reasonably well supported by observed data. 
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The model assumes a substance with low z,   so that a fully 

ionised plasma is Renerated,   or ne = an..    From energy balance and 

conservation expresflions,   further expressions are obtained for maximum 

electron and ion temperatures,  as well as neutron flux decay with time. 

A comparison with other experimental data is given in Fig.  1.    Using 

results from their related earlier work (see foregoing abstract.  Zakharov 

et al.)   The authors arrive at the relation of neutron yield,  beam energy and 

focused area shown in Fig.   2.    The results apparently confirm the validity of 
the spherical model used. 

i 

I 
I 
i 

gets 

■ ill.   i—■ ■ ■'   i   i 111 
f0 W     E, i 

Fig.  1.    N(E) for the hemispherical thermal model. 

1- LiD; 2- D with nd = 5 x 1022/cm3; 3-D with nd = 
2.1 x 1022/cm3.    Experimental points are those of 
Floux (Meahd. konf. kvant.  elektr,  Kyoto,  1970) 

Fig.  2.    N yield vs. laser pulse energy and 
focused beam area,  for LiD and D targets. 
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/.akharov,   S.   D. ,   Ye.   L.  Tyurin,   and V.   A. 
Shche^lov.    On the propagation of monochromatic 

T-aHiaHnn through a plasma.    ZhETF,  v.  61,   no.  4, 

1971,  1447-1451. 

A   rigorous analytical solution is obtained to the problem of 

propagation of pulsed monochromatic radiation in an absorptive plasma.    The 

laser pulse is assumed to have an arbitrary waveform,   and a radiation 

frequency well above plasma frequency; the volumetric change in electron 

density is also assumed to occur smoothly.     With these assumptions, reflected 

radiation may be neglected.    It is further assumed that electron collision 

frequency V    meets the condition V^ T » 1. where T is the characteristic 

time to alter the mean electron energy in the plasma; this permits use of the 

concept of electron temperature.    Expressions are then derived for pulse 

intensity as a function of penetration into the plasma and for absorption 

coefficient,   assuming a brems Strahlung mechanism.    Fig.  1 shows theoretical 

Fig.  1.    Variation in pilse waveform 
vs.  penetration into plasma. 
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degradation of an initially rectangular and triangular laser pulse vs. 

penetration depth.    Other idealieed solutions are presented,  based on 

typical parameters of an Nd glass laser and a hydrogen plasma. 

Zakharov,  S.   D. ,   O.  N.  Krokhin,   P.  G. 

Kryukov,   and Ye.   L.  Tyurin.    Increasing the 

effectiveness of laser heating of a plasma by 

adding heavy trace elements to the target. 

IN:   Sb.  Kvantovaya elektronika,  no.  2,  1971, 

102-103. 

I 

Early tents on laser plasma generation from deuterium or 

various denterides stressed the need for purity in the target material.    The 

authors note however that in the inertial confinement case,  when a divergence 

of ion and electron temperatures can occur,  an enhanced ion temperature can 

be obtained by adding certain heavy trace elements such as CD2,  CD4,  ND3 

or D?0.    The resultant radiation and ionieation losses would be negliKible 

at least up to a ten-level ioniration.    Expressions are accordingly obtained 

for temperature behavior  of a two-ion plasma,  for the two general cases of 

reaching equilibrium temperatures during electron thermal conductivity 

and during plasma diffusion.    Some hypothetical results based on added 

LiD,   CD. or D^O are given. 

Zakharov,  S. D. ,    Ye.  L.  Tyurin,   and V.   A. 

Shcheglov.    Dynamics of heating a fully ionieed 

plasma by focused laser radiation.    IN:   Kvantovaya 

elektronika,  (Moskva), no. 3, 1971,   106-108. 

The authors derived expressions which define laser heating 

of a fully ionized plasma,  for the aymmetri^l spherical optics case illustrated 

in Figure I.    The analysis assumes that gasdynamic expanMion,   electron-ion 
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Fig.  1.    Plasma heating model. 

relaxation,  and conduction and radiation losses may all be neglected.    This 

is the accepted case for a nominally dense plasma (n = 10     /cm ) and for 

pulse widths in the ultrashort range (< 10"      sec).    Following development 

of heat equations for the general case in terms of beam intensity I and plasma 

temperatur.   T,   the authors determine T(r,  t) and Ifa,   t) for the specific 

cast- of interest of a sharply-focused b« am such that the depth of the heated 

region » r    and plasma temperature in this region rises well above its 

initial value.    It follows that an absorption wave of User radiation will exist; 

an expression for the radius coordinate of this wave is given,   from which a 

maximum effective penetration depth maybe determined.    Th.; described 

model is applicable only on the condition that the length of the caustic of the 

focusing objective is substantially less than maximum penetration depth; 

otherwise a planar one-dimensional model must be used. 

Pashinin,   P.   P. ,   and A.  M.  Prokhorov, 

Obtaining a dense high-temperature plasma 

by laser heating of a special gas target.    ZhETF, 

v. 60,  no.   5,   1971,  1630-1636.    (Translation) 

The possibility is analyzed of using optical breakdown of «as 

(laser spark) to obtain a dense plasma at thermonuclear temperatures.    I; is 
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shown that to achieve ion temperatures on the order of T. = 10     deg.    K 

requires a laser pulse energy of 109 j.    If a field on the order of 10     oe 

is applied for magnetic thermoisolation of the plasma,  the laser threshold 

energy is considerably reduced,   such that a pulse energy of 3 x 10    j at 

10'7 sec.  duration is sufficient for an energetically productive thermonuclear, 

synthesis.    This would require a special cylindrical gas target in a heavy 

shell,   filled with a mixture of H-D and H-T isotopes at a pressure of 20 atm. 

I, 

I 

! 
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Afanas'yev,   Yu.   V.,    E.  M.  Belenov,   O.  N. 

Krokhin,  and I.  A.   Poluektov.    Possibility 

of obtaining a powerful neutron source from 

interaction of a pulsed laser beam with a complex 

target.    ZhETF P,  v.  13. no.  5,  1971,  257-260. 

A theoretical evaluation is presented of the possibility of 

obtaining higher  fusion neutron yields Nn from interaction of short    laser 

pulses of equal energy with a complex rather than a pure condensed D-T 

target{Basovf  et al.  VAN.  no.  6.   1970,   55).    The complex condensed   target 

presumably consists of a D-T mixture with ~10% admixture of a heavy element 

of mass number A ~ 250.    A comparative theoretical description of heating 

the complex and pure targets under conditions of electron thermal conductivity 

shows that a complex plasma temperature TE = 20-30 keV can be attained with 

a laser pulse energy WE = 103-104 j and a plasma ion charge number E = 50. 

Under identical conditions,  the pure D-T plasma temperature T        is 

calculated to be 10 keV.    The corresponding N* would be = 10      versus a 
several orders lower N^T in a pure plasma.    It is noted,   however,  that 

higher energy is required with the complex than with the pure D-T plasma 

btain gain in a thermonuclear reaction. 
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Numerical calculations of the complex I>T plasma 

parameters T,   N*.   heatinR depth xtr     ,   and energy gain Wout/W2 are 

made using the formulas for T,   «,  xfr ,   w",  Wout/WE,   and pulse duration 

TZ.    These formulas were obtained by solving the differential equations 
o* 

which describe the one-dimensiona1. case of heating a target occupying the 
5/2    4 

half-space x < 0,   in terms of electron thermal conductivity k = koT7        z 

and probability of ionisation.    At x = 0 and K ^T/^x = q{t), the radiation flux 

density,  an    exact analytical solution of the cited equations becomes possible, 

The solution rapresents heating and ionieation waves with T(x) and E(X) 

variation rate dependent only on laser pulse parameters and target material 

characteristics.    Examples are given of the numerical calculations for the 

fixed values of the parameter TJ = T    (E),  where    is the Coulomb logarithm. 

Thus for n = 0.7,  W* = 103 joules,   and r* = 10"10 sec. ,  T = 26 keV,   N* 
14 2 x 10    .   X fr 

2.3 xlO"3 cm,   and Wout/WB = 3.5 x lO-1. 

Afanas'yev,   Yu.   V.,   E.   M.   Belenov,   O.  N. 

Krokhin,  and I.  A.   Poluektov.    Self-consistent 

heating uf matter by a laser pulse under conditions 

of nonequilibrium ioniBation.    ZhETF,  v. 60,  no.  1, 

1971,  73-82. 

: 

This theoretical paper deals with the one-dimensional plane 

problem of forming a multiply ionised plasma by a high-power laser pulse 

{q > 1012 w/cm2) striking the surface of a solid target consisting of heavy 

elements,  and occupying a half-space x < 0 under conditions of nonequilibrium 

ionization.    Analytic expressions are derived for the hydrodynamic 

parameters,   electron temperature,   and ionization level of the plasma as 

functions of time,  beam flux density,   and target properties.    Under conditions 
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of thermodynamic equilibrium,  the ionization energy is the basic component 

of the intrinsic energy in thepartially ionired plasma.    This being the case, 

at large flux densities the presence of nonequilibrium conditions causes 

plasma behavior to resemble more closely that of an ideal gas,  the pressure 

and internal energy of which are determined by electrons,   and the inert 

properties,  by its ions.    This nonequilibrium implies also that the plasma 

produced by heating has a comparatively high temperature,   a fact that can 

be used in those cases where it is desirable to raise plasma temperature. 

However,   this implication holds only in those cases in which energy losses 

arising from radiation or thermal conductivity do not play an essential part. 

I 

Kaliski,  S.    Generalieed equations for laser 

heating of a duai-temperature plasma witn 

allowance for heat of thermonuclear synthesis. 

Biut. WAT J.  Dabrowskiego,  v.  20,  no.  12, 

1971,  25-30.    (RZhF,   5/72,  no.  5G299) 

(Translation) 

' 

f 

Generali«ec' equations are derived for laser heating of a plasma 

to obtain fusion,  for the case of different ion (T.) and electron (T  ) tempera- 

tures.    The equations are based on the following simplifying assumptions: 

brems Strahlung depends only on T   ,  heat yield only on T.; radiation losses 

are negligible; thermal conductivity of ions is small relative to that of 

electrons; electron and  ion densities are roughly equal; and the mechanical 

parameters of the system are not distinguishable by ion and electron 

component.    Equations for laser heating of the plasma are obtained for T. = T   . 
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Askar'yan,  G.  A.,  and N.  M.  Tarasova.    Initial 

stage of the optical explosion of a particle of 

matter in a powerful light beam.    ZhETF,  v. 60, 

no.  2,  1971, 617-620. 

f 
This theoretical paper is concerned with the very early 

stages of plasma generation from powerful laser impact on a solid,   i.e. 

the period during which the size of the exploded volume of matter has not 

yet exceeded the dimensions of the incident laser beam.    For their analysis 

the authors assume a simplified physical model in which total energy 

absorption occurs in the initially dense plasma, which is justified on the 

basis of knov n strongly nonlinear absorptive behavior to very powerful 

ultrashort laser pulses.    In view of the resultant high electron thermal 

[' conductivity and small initial plasma dimer^ions.  one may also sufely assume 

an even temperature distribution throughout the plasma at this stage-, 

furthermore,  the short time interval involved permits the assumption of no 

V radiant heat loss from the plasma.    With these qualifications the authors use 

energy balance methods to arrive at a characteristic initial expansion velocity 

v   which depends only on incident flux density and initial material density. 

■^ 

Askar'yan.  G- A-'  and V-  ^   Pog08yan- 
Thermal track and self-focusing of a powerful 

beam in a medium,    ZhETF,  v.  60,  no. 4, 

1971, 1295-1299. 

A theoretical study is given in which temperature distributic.i 

in time and space and nonlinear refraction are analyzed,  during absorT     m of 

a powerful c-w laser beam or long laser pulses in a liquid or gaseous   medium, 

with index of refraction derivative n^ < 0.    In such a medium the possibility 

exists of thermal self-focusing of a beam with a particular radial intensity 

distribution profile I(r) which exhibits an intensity dip near the axis.     At a 
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|.MV«M T(r) ami  ttioflrraU" li^^t ahnorplion,   heat  propagation in timer and 

apai e alon^ the beam radius a in flesi rihed by a nuiiblatiunary equation in a 

one-dimensional cylindrical approximation.    The equation is solved for 

dimensionless temperature field <!>. 

The solution shows a continuous temperature rise with 

time according to a logarithmic law,   i. e. ,   the temperature regime is 

nonstationary.    The temperature gradient expressed as the derivative 

^L of dimensionless temperature «J1 with respect to f = r/a is analyzed in the 
t, * 2 

near-axis region of the beam (f < 1) at any r = Yt/a  , where Y is the thermal 

diffusivity.     As long as <£[ > 0,  T on the axis is always lower than T near 

the axis,   i.e. ,   conditions for self-focusing exist in a medium with n'    < 0. 

This condition is formulated as 

h'~< 
14-2c 4«? 

1. (1) 

In the ntar-axial region (1) becomes 

-   2,-  2 r < a   /2r (2) 

This unexpected result shows that even at very long 

durations,   nonstationarity of the process is essential to self-focusing in 

the near-axial beam region with an intensity dip.    Analysis of the *L  expression 

at short T < 1  (initial heating stage) shows that *i > 0 at c < 1,  and hence 

there is self-focusing in the near-axial region,   and <T»L  < 0 at f > 1,   hence 

there is defocusing on the beam boundary,   leading to banana-type selT- 

focusing. 

folution of the transcendental equation *L - 0  at any given £ 

value shows that self-focusing is still possible within a fairly wide region 

at T ~ 1.    At 4r ^ 1,  the near-axial self-focusing condition is the same as in 

(2).    The increase in the focal distance during development of banana self- 

focusing from r = 1/4 to r > 1/4 ie evaluated to be Lf/Lf, w 4T. 
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("Iribkov,   V.   A.,   V.   Ya.   Nikulin,   and 

G.  V. Sklizkov.    Methodology of a dual- 

wave interferometric study of axisymmetric 

configurations of a dense plasma.    IN: Sb, 

Kvantovaya elektronika,   no.  6,   1971,  60-68. 

V' 

( 

I 

( 

i 

{ 
1 

Limitations are discussed of conventional ultra-high speed 

dual-wave interferometry as applied to dense hot plasma diagnostics,   e. g. , 

in the study of laser plasma,   0 pinch,   plasma focus and other t>pej of 

thermonuclear devices.    Generally,   determination of the plasma electron 

density N    by dual-wave interferometry is fe? ,ible only when plasma wave- 

length X.,   is much shorter than the incident radiation wavelength X.    This is 

not always the ctse,  hence    as a rule spectroscopic measurements take 

precedence over interferometric measurements.    It is also shown that a 

plane monochromatic source and the absence of plasma waves with X. 

equal to the selected X are necessary conditions. 
'ik 

Laser interferometry of axisymmetric plasma inhomogeneities 

with a large N    gradient is outlined in the framework of geometrical optics, 

under an assumption of negligible beam refraction.    The interferometric 

band shift ^(y) which is measured with a given accuracy is used to calculate 

the index of refraction v(r) = n(r)-n(0) of the plasma inhomogeneity by solving 

the Abel integral equation (Fig.  1).    N    is expressed as a difference of plasma 

Fig.   1.    Beam trajectory through an  inhomogeneous region. 

O- center of region symmetry normal to the figure  plane; 
L- incident beam. 
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ixilarir.ationn (n-I) al X.   and X? of Xhe first and second harmonics of a ruby 

laser used a light source.    Numerica1 calculation of the phase index of 

refraction n(r) by conventional linear approximation,   e.g. ,  using the 

trapezoidal   rule,   is shown to be significantly erroneous in the case of 

^ a sharp N    gradient.    To reduce the computation error^approximation 

of the v(r) function is proposed by a Lagran^ian parabolic interpolation 

\. 
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r 
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polynomial,  which is equivalent to the Taylor expansion.    This approximation 

is preferable to the linear one only within a certain N    gradient range. 

The proposed approximation,  as applied to calculation of the 

Abel integral,   is reduced to computation of the factor« A^,   B^ ,   and CV 

in the formula for '»(y) for a number N of segments of the inhomogeneity 

cross-section.    In the case of ffr) ■ exp (-r/r  ),   calculations show that the 
o 

parabolic approximation error ^^(r.)/y(r.) decreases as the reciprocal of 
-5/2 1 

N , while the error in the trapeeoidal rule method decreases as the 

reciprocal of N ,   hence it is necessary to increase N to minimize the 

approximation error.    However,  with increase of N,   the b{y) measurement 

error is increased.    Consequently,  the nummary error is minimum  for an 

optimum N    ,. which is calculated,   for r.T/r    - 5 and A^ M ■ .01,  to be 15 r opt N     o 
and 1<J5,   respectivelv,   in the parabolic and trapasoidal rule approximations. 

The respective summary errors of v    determination are 7 and 50°^. o 

It is concluded that the parabolic method of interferogram 

ireatrm-nt is preferable to any other known method of intr,rferometry of 

plasma configurations with large but not discontinuous    N    gradients. 

Claleyev,   A.   A.,   V.  N.   Orayevskiy,   andR.   Z. 

Sagdeyev.    Anomalous absorption of electrc- 

majajnetic radiation at double plasma frequency. 

ZhETF P,   v.  16.  no.  3,  1972,  194-197. 

The probability is discussed of an anomalous absorption of e-m 

radiation by a hot plasma with density n    = 1/4  n     ...    The mechanism of the / r o cnt 
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cited absorption is an effective increase in electron collisions with the 

U k.  and a.',,  k- plasma waves which develop following conversion of the 

pumping wave co   ,  k   .    At k
1   2 > ko'  the Pla8ma in8tability increment is 

expressed through the interaction matrix 

k   sin 2 0c( s  (,'i , (I). 
V  4 n  ml 

wliere 0 and «J> are the spherical coordinates.    Eq.   (1) correlates probability 

measures of the three waves.    On the theory that effective collisions of 

pdrticles with turbulent plasma pulsations raise the instability threshold, 

the effective collision frequency u  « is described by 

lO.S^.^/S.rn.mcV"-   - i., I ^     0 w. 
where W.    is the power spectral density of plasma oscillations.    It is 

assumed that v   ,,   defines electromagnetic mode dissipation, 
eil 

A theoretical model is presented for the nonlinear process ol 

stimulated plasmon scattering on ions in a inhomogeneous rarified plasma 

int»:racting with an incident e-m wave at a 45 degrer angle.    The existence 

is presumed of a non-Maxwellian electron tail which abnorbs plasmone from 

the plasmon condensates formed in the rarefied plasma.    In this case a 

one-dimensional turbulence model can je described by two equations which 

are rolved for WV   and the electron distribution function F  (v).    The solution 

for W,    includes vhe factor W which is the average power spectral density. 
K 

The W value can be determined either from the linear amplification law 

or with allowance for nonlinear instability saturation due to stimulated 

scattering of plasmons by ions. 

The amplification factor 

K   ~(>r,.l      41» c )E2     »Un   T W 
P 'a .<     • 

is maximum for a perturbation pair,   one of which is at a constant frequency. 
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Instability threshold is determined by the condition K > log ^ ,   the 

roulomb loparithm,   for attaining nonlinearity level.     From the solution 

for W.    and the second quasiT.inear equation,   the solution for F   (v) is 

obtained in terms of a probobility integral.    At a small density-gradient 

scale length L,   the solution becomes 

( P.IvJ       K/wMpL .   v  vr^ x/:!.^   i «„- 2...,,»  • (4) 

At a very high L value,   a condensate of plasmons is formed,  which may 

cause an increase in plasma inhomogeneity. 

Krokhln.   O.   N. ,  and V.  B. Rosanov.    Fmission 

of aloha particles from the region of a thermo- 

nuclear reaction induced by a laser pulse.    IN; 

Sb.  Kvantovaya elektronika (Moskva),   no.  4, 

1972,  118-120. 

The fraction of tt-particle energy    which remains within the 

region of a D + T thermonuclear reaction  is evaluated,  as a function of target 

dimensions,   density and temperature T = 3-50 keV of the plasma.    This 

fraction fl-n) helps   mstain a high T in the plasma.    Only the a-particle 

f-*u energy fraction trai iferred to the plasma electronic component is considered. 

since an a-r^rticle with energy E > 35T is decelerated,   mostly by electrons, 

in any completely ionised material.    The cited limitation applies to the 

energy fraction 1-3 5T/E    where F     is the initial energy of an fy-particle. 

The energy of an a-particle in a point of the plasma volume 

at a distance r from the poim of the particle generation is expressed as 

E = Eo (1-r/.!)2 (1). 

21     3 /2 where i =   2. 6 x 10      T        /n    is the mean free path of «-particles in the 

plasma.     The energy fraction T» carried by the a-particles outside a spherical 

volume of radius R is given as 
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where E = tfx + f l-t^l-ji2)]1 /2 and t = p/R are the variables,  n = cos 9 

defines the angular particle distribution,  and T = R/i.    Eq.  (2) makes it 

possible to evaluate the fraction (1-T)).    The formula is applicable within 

the cited T range which is of interest to nuclear fusion,  under the assumption 

that the a-particle E and its transverse impulse pj  satisfy the conditions 

i        m  \     * ' 
(3) 

and 

prV/A.»   6r/7:,ln (Wo/^O^I.     since     *<*■* (4) 

reapectlvttly.     In the formulas (3) and (4) Ma, M..  and m are the masses  of 

antt-particlc,  ion,  and electron,   respectively,  e. and e are the r' irge« of 

an ion and an electron, po is the «-particle initial impulse,   Vo and V, are 

the initial velocity and that resulting from the a-particles deceleration.  It 

is calculated that -40% of the thermonuclear energy from «-particles would 

remain in a plasma sphere of R = 0. 5 cm at ne = 5 x 1022 cm"    and T = 10 keV. 

Equations are also derived for the total charge Q accumulated 

3n the i .^ion of thermonuclear reaction and the energy AE = Z^e Q/R which 

ana-particle must expend to overcome the Coulomb barrier,  assuming that 

the plasma electric conductivity is due entirely to Coulomb tarc"^  » i8 

hence calculated that AE < E^   for R ■ 0.1-1 cm.   ^ 

T =  1-10 keV. 

v 1022 cm"1.  and 
—    o 

1 
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Kaliski,  S.    Explosion cumulation of a plane 

electromagnetic field at relativistic initial 

velocities of a conductive shell.    Bull.  Ac ad, 

pol.  sei.,   ser.   sei.  techn. ,  v.  20,  no,  2.  1972, 

119-125.    (RZhF,   8/72,  no.  8A242) 

In connection with plasma heating by lasers,   a solution is 

presented to the problem of contraction of a plane magnetic field from 

implosion of a heavy conductive shell,   moving through the field at a given 

initial velocity v.    Assuming v is quasirelativistic.  the problem is 

formulated by equations of electric and magnetic field components and shell 

motion with boundary and initial conditions.    The E and H fields obey Maxwell 

equations and the boundary conditions are in the form of ordinary differential 

equation«.    A solution for the equations  is obtained by the method of charact- 

eristics (Fig.  1).    Assuming v is constant in the T^j,  t. sections,  H on the 

pli-te surface is given by 

y/; = //(0 = /r(^+*oi) i Hr'i- vo.) (D 

f 9 af0 = -1? 

Fig,  1.    vSolution plots in the plane of characteristics. 
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The relation between H:'  and the function F for successive sections of the 

solution is 

2 

(2) 

where 

and F... s F. 
J+1 

«H Aro(r) -»r, (3) 

Solution of the equation of shell motion in a nrm-relativistic 

approximation is given as 

(4). 

where 

( 

1 

H = H 

and m is the mass of the wall unit surface.    Practical values  would be 
9 5 2 v * 10    cm/sec,  H    = 10    gs,  and m ^ 1 g/cm  .    A closed solution to the 

problem of magnetic field contraction was obtained based on the quasi- 

relativist Ir approximation.    When v/c < 1,  the field discontinuity of the 

i haraelrristics can be disregarded and solution (4) is applicable,   in 

agretment with the known non-relativistic (quasi-static) solution of fit Id 

constriction by implosion.    The quasi-relativistic solution may be applicable 

for very high implosion velocities,  particularly in cumulative laser heating 

of plasma. 
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Kaliski,  S.    Conductive laser heating of 

nonhornogeneoua plaama.    Bulletin de 

l'Academie Polonaise des Sciences,   serie 

des sciences techniques,  v.  20,  no.  12,  1972, 

211 (963)-215 (967). 

( 

i 
1 
i 
i 

I 

A simplified method of momenta,  which was introduced by 

the author in the same periodical [v.   20,   1972,  1(35) and 7(41)1  for spherical 

and cylindrical waves in single-tempe rature plasma,  is extended to solution 

of the plane wave problem in a nonhomogeneous plasma heated by a laser. 

The method of solving averaged equations is based on assumption of the 

electron mechanism of heat conduction and disregards,   in a first approximation, 

the fusion energy recovered.    It is shown that the general solution obtained 

by the simplified method describes weak inhomogeneities more realistically 

than the solution obtained by the classical method of momenta.    In addition, 

a closed form solution was derived for linear inhomogeneities (two-temperaturf 

plasma).    It is noted that a general simplified solution,  but not in closed 

form,   can be obtained for the spherical or cylindrical wave with allowance for 

*he recovered energy of nuclear fusion.    The author concludes that the cited 

solminns extend to some degree the range of averaged description to 

inhomogeneous,   specifically weakly inhomogeneous,  media. 

Kaliski,  S.     Numerical analysis of averaged 

equations of laser concentrated plasma cumulation, 

taking into account nuclear fusion energy.    IN; 

ibid.,  3-Q.    (RZhF,   5/73, no.  5G233). (Translation) 

Numerical solutions obtained by analog computer are given 

which define the intense compression of a plasma,  obtained by laser explosion 

of a solid shell target.    A simplified solution is presented in which the inter- 

ns- 
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action with the shell is treated it terms of the initial . elocity of a given 

mass of D-T plasma,    A complete flolu.ion of the problem may be given based on 

more generaliaed equations of integral probability for the assumed model. 

i 
I 
( 

i 
I 
I 
I 
I 

Ka'   .ki,  S.    Average equations of deuterium- 

tritium plasma compression due to laser 
explosion with a heavy cloud ablation,  taking nuclear 

fusion energy into account.    Biul.  WAT J.  Dabrow- 

skiego,  v.  21.  no.  12.   1972.  11-12.    (RZhF.   5/73.  no. 

5G234). 

Solutions are given of averaged equations for the integral 

self-similar problem defining   concentrated laser compression of a D-T 

plasma,  generated by laser explosion of a heavy shell.    A Fermi liquid 

model is taken to apply to the D-T pellet; the shell is modelled as an ide-1 

two-temperature gas.    The method of laser compression of a plasma is 

presented as a new step toward realisation of microsynthesis reactions; 

it permits a reduction in critical level of laser energy,  in comparison with 

other techniques.    The derived equations,  accounting for laser pulse energy 

and nuclear fvsion yield,  are solvable by computer. 

\ Kaliski,  S.    Conductivity-type laser heating 

of a nonhomogeneous plasma.    Bull.  Acad. 

| pol.   sei. Ser.  sei. techn.,  v.  20,  no. 12, 

1 1972,   963-967.    (RZhF,  5/73, no.   5G235) 

(Translation) 

A generalised  pulse method is applied here to thermally 

j conductive heating of a nonuniform plasma,  obtained from laser-target 

interaction     A general solution is obtained for  a lonuniform case,  and a 
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closed analytical solution is given.    This method can also b-  ipplied 

to solve the problem of a spherical or cylindrical thermal wave,  accounting 

for energy released in the plasma in the < ourse of a thermonuclear 

reaction; it applies also for the case in which ion »nd electron temperature 

differ (two-temperature plasma),    xn the latter cf ;e. however,  a closed 

solution cannot be obtained. 

i 

Pashinin.   P.   P..   and A.  M.  Prokhoiov. 

Obtaining a Mph temperature deuterium 

plitsma by User heatina of a special gas 

target.    ZhETF.  v. 62.  no. 1. 1972.  189-194. 

/ 

I 

I 

\ 

1 
i 

An estimate is made of the electron temperature during laser 

heating of a deuterium plasma: a special gas target is assumed which is a 

cylindrical tube closed at the ends by a thin film and filled V7ith gaseous 

deuterium.    The dependence of the plasma temperature and the neutron 
yield on laser energy were numerically estimated for such a target.    The radius 

of the heated plasma volume and the time of inertial confinement were 
estimated as well.    Calculations are made for different initial gas pressures 

witrtin the target and various values of external magnetic fields applied. 

1.    Z^ro magnetic field.    In this case the calculations reduce 

to the case of inertial plasma confinement on a semi-infinite solid target 

(Basov and Krokhin. 1970; Shearer and Barnes. 1970).    The time of inertial 

confinement equals the thermaliaation time Tei; the diameter of the plasma 

volume heated by electron thermoconductlvity T?e is determined from r    = 

T     t)   /C    where C    is specific heat.    The results of the calculations are 
Tei    e     v v 
shomn in Figs.  1 and 2. 
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2.    Moderate magnetic field.     An external magnetic field 

applied parallel to the target axis can considerably reduce the electron 

thermocondurtivity in the  radial direction,  i.e. T)        <   n..    The magnetic 
"i /2 

field which meets this condition is given by H > 2. 5 x 10-5 ne/Te        .    In 

this case the energy balance of the heated plasma is determined as in the 

previous case, while the radius of the plasma volume heated is determined 

from r,  = r   .Tf./C   .    The results of calculations are given in Fig.   1 (curve 
1 ei i     v 

5,6) and Fig.  2 (curves 5,  6). 

1.    Strong magnetic field.     A sufficiently strong magnetic 

field can reduce the ion thermoconductivity as well.    This occurs when 
-4 5 /2 

to. T. ^ 1.    The field which meets this condition is given by H > 1. 3 x 10      n^Tj 

In this case the calculations are made using a classical expression for ion 

thermoconductivity.    The radius of the heated plasma volume is then determined 
2 

from r,   = T   .T?       /C   .    The results of these calculations are shown in 
1 ei u v 

Fig.  1 (curve 7). 

1 
It is concluded that the use of a pulsed magnetic field for 

plasma thermoisolation in conjunction with inertial confinement by a heavy 

shell is promising over a wide range of laser energies,  even at a moderate 
5 

magnetic field of IT ^ "5 x 10    oe.    In addition the focusing sharpness at all 

levels of the laser energy is within an attainable range. 

I 

1 

It was pointed out that both in the case of H ■   0 and ?. moderate 
3/2 magnetic field,  N ~ E       , which is in agreement with the results of Floux 

et al.    (cf.   Phys.  Rev..  Al(3)>  1970,   821). 

( 
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Fanchenko.  S.  D. ,  and G.   V.  Sholin.    Posnible 

mechanisme of turbulent heating of a plasma hv 

ultrashort laser pulses.    DAN SSSR,  v.  204, no. 

5, 1972, 1090-1093. 

The authors consider the initial ionieation phenomena arising 

from interaction of a picosecond laser pulse with a very dense plasma.    A 

feature of this case is that the optical field strength E is comparable to intra- 

atomic field E   s this results in an ioniration time T.on on the order of or 

less than electron-atom or electron-ion collision time,  and possibly   less 

than the laser wave period.    The model used assumes a picosecond pulse 

with optical frequency fl falling on a condensed neutral target.    During the 

first portion of the optical wave rise time,  light penetrates the target 

virtually without ionicaticn taking place; as the optical field approaches 

its peak of E,  ioniration begins but with an electron plasma frequency copJ? 

still below O.    As E -*• E   the affected electrons proceed from bounded to 

unbounded motions in % time interval* 10"1J sec.    The authors then treat 

the two general intervals of collisionless plasma heating whit h ensue, 

namely when w ^ < f? »nd w £ > a     Ionisation parameters are obtained taking 

into account the magnetic piston effect exerted by the optical field when 
OJ     overtakes O.    Results show that at this point a beam of electrons forms 

in the focal region which may attain directional energies of 10    ev. 

CftlcuUtlMM bar.ed en a typical set of plasma parameters show that this       ^ 

current may exist for up to 10"12 sec.  and reach densities above 10     a/cm   . 

It is emphasired that these deductions apply only to the initial one or two 

periods of laser pulse oscillation, applied to a neutral medium.    Analogous 

effects from shock-wave and electron beam heating of a plasma are also 

noted. 
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Rays er,   Yu.   P.    Discharpe propagation *nd 

confinement of a denBe plaama by electro- 

magnetic fields.    UFN,   v.  108,  no.  3,  1972, 

429-463. 

This is a systematic review and analysis of known experimental 

and theoretical research data on continuous discharge plasma generation,   and 

its confinement in an electromagnetic field.    Soviet sources comprise 15% 

of the 5 5 references.    The data reviewed are divided into three main groups 

according to the type of discharge propagation regime:   supersonic shock 

wave,   subsonic equilibrium heat conduction,  and nonequilibrium ionieation 

wave regimes.    An analogy is drawn between the different discharge propagation 

regimes and detonation or slow burning mechanism of corrbustion.    Thus 

the supersonic propagation of the laser plasma front in air is related to 

optical detonation, which may be treated as a hydrodynamic discontinuity by 

analogy with a detonation wave in combustion. 

Flow propagation,   e. g.  at ^O m/sec,  of the plasma front 

initiated by a spark discharge in air,   and maintained by a focused laser 

beam with subthreshold intensity,   is interpreted as a slow burning of the 

laser beam.    In this case, the optical discharge propagates by a heat 

conduction mecfanism.  The same mechanism explains generation of a dense 

low-temperature plasma by h-f discharge in a static gas at atmospheric 

prt   9-i re,  or in a gas f.'ow through an induction plasma torch,   "flame" 

propagation in atmospheric air in s.h.f. waveguides,   s.h.f. discharge 

in a gas flow in plasmatrons of different geometry,  or in % Kapitea resonator, 

as well as arc discharge in a plasmatron in the absence of gas flow. 

Temperature determination and h.f. or s.h.f. discharge 

stabiliEation are discussed for the cited configurat;ons.    One chapter is 

devoted to strbili«ation of an optical discharge ir. an optical plasmatron by 

laser beam focusing,   a subject frequently reported   on by Rayrer.     A 

nonequilibrium ioniaation wave regime is established in a yulsed discharge 
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in stationary inert gases with a cesium vapor admixture,   owing to electron 

thermal conductivity.  The well-known b+atic discharge contraction in a 

d.c.   field is variously explained by radiation or heat transfer to the wall. 

The ionieation wave in a shock wave or spark-induced,  localieed inert 

gas plasma in a s.h.f. waveguide propagates by ehe mechanism of 

resonance radiation transfer.    In contrast,  the ionication wave initiated by 

s.h.f.  discharge in a molecular gas (N2,  air) propagates bv a thermal 

conduction mechanism.     Another possible   nechanism of .-ptical-discharge- 

induced wave propagation is the superdetonation heat conduction regime 

which prevails at a beam intensity higher than that which initiates supersonic 

detonation.    Plasma temperature in this case attains several million degrees 

and the  discharge wave propagates with a velocity higher than the shock 

wave velocity.    This regime is analogous to the heat wave generated at an 

early stage of very strong explosions. 

Finally, the radiation mechanism is discussed in relation 

to propagation of a laser spark from giant pulses.    The breakdown wave 

initiated by a focused laser beam with intensity above the breakdown threshold 

propagates at "phase" velocities by a mechanism basically different from all 

cited mechanisms. 

J| Bunkin,  F.  V.,   P.   P.   Pashinin,  and A. M. 
Prokhorov.    Possible use of i-r lasers for high 

temperature heating of a superdense plasma. 

ZhETF P.  v.  15,  no.   9,  1972,   556-559. 

I 

I 

The authors investigate the energy delivery,  target density 

and associated parameters required for optimum laser heating of a superdense 

plasma at i-r wavelengths,   specifically for a C0? laser,  X r 10.6 yi.    An 

a>ial magnetic field is assumed,  and the problem solution predicates a high 

enough energy transfer rate so that inertial confinement applies. 
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The main criterion for quasilongitudiniil wave propagation 

in a plasma ger crated by laser frequency w is given by 

(wH/<u)cos ^ >  1, (1) 

where aij !■ electron gyrofrequency and 0 is the angle between wave 

propagation direction and the applied magnetic field.    The question then 

becomes how effectively this wave can be propagated in a superdense plasma. 

It is shown that besides a small dispersion angle 0,  a sufficiently high 

gradient of electron density,  i.e.   A « = (N  /N1) - uf  iB re<luired ** 

cop = CO for h'.gh energy transfer.    In an example given for a CO- laser pulse 
22 3 of one nanosecond and N    = 5 x 10     /cm  .  it is shown that 0 s'  juld be less 

-2 0 

than 2 x 10      rad, which is within experimental capability. 

If the magnetic thermal insulation effect which is present is 

also ta^en into account, i.e. the "hard shell" postulated by Pashinin et al. 

(ZhETF,  v.  82,   1972, 189), the energy requirement for the laser pulse is 

substantially lowered.    Using the name conditions as above, the authors 
3 

arrive at a fieure of E = 3 x 10    j, which is over two orders lower than R mm " 
the most optimistic estimates at the time of writing. 

Tyurin, Ye. L. , and V. A. Shcheglov, 

Radiant heat wave in a moving plasma. 

ZhTF, no.  8, 1972,  1586-1590. 

The article presents an analytical solution to a problem of 

heated plasma flow with a preset density and random time dependence of 

flow velocity v(t).    At the boundary x = 0,  a laser energy flow occurs 

with a random time form I (t).    This corresponds to the physical condition 

when plasma is heated by powerful laser radiation in the energy range of 10- 

100 joules per pulse,  and pulse duration r which agrees with the gas- 
.9 

dynamical plasma dispersion r   ,,  and equals 10      sec.    Plasma heating 
gd' 
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by two or more pulses is examined which improves the heating quality 

when the process is esentially unstable and absorption is determined by 

the number of discharge particles. 

Radiation transfer and energy conservation equations are 

solved for a medium where n = const and v«c at the preset boundary 

conditions.     The solutions describe the process of heat wave propagation 

in a moving radiation absorbing medium.    The solutions are applicable to 

any form of absorption coefficient K temperature dependence and cover a 
broad range of initial conditions.    Heating of sufficient intensity generates 

a sharp front wave x = x  . where at/Öx is maximal and the temperature 
0 u T      = const.    As a function of current time t and setting time t    when 

dxf  /dt s 0,  two heat wave propagation modes were noted:   at t<tg the heat 

wave motion is unstable and it propagates into the plasma;   at t  = t8 the 

front comes to a stop,  and its motion and other wave parameter variations 

are subsequently dependent on changes in the plasma flow velocity v(t) and 

radiation energy velocity yt).    In other words,    when t>tg the heating 

process becomes stabiliaed and at the boundary x - 0 this leads to equality 

between plasma radiation energy flow yt) and heat energy flow.    Heat wave 

parameters were computed under two conditions:   1) v = const is the plasma 

flow average velocity under the pulse effect; and 2) v-   To accounts for an 

increase in plasma velocity during the heating process.    It was proven that 

variations in velocity in relation to heating had only a slight effect on the 

time t    but doubled the heating time.    Numerical estimates are given for ^ 

and the maximum depth of heat wave penetration into plasma X^^.  vmd« 

typical laser heating conditions.      At Io ■ 10° w/cm ,  n   -- lO^  cm^.  and 

v = 2 x 107 cm/sec,  the values t9 = 5 x IO-9 sec and xmax = 5 x 10"    cm were 

obtained.    At a relatively high pulse energy c expressed in joules per 

square centimeter,  the heat wave possibly approaches the non-transparent 

plasma layer when n>ncrit, which leads to the reflection of laser energy 

from the target. 
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The solutions obtained by the authors permit estimates of 

the optimal duration r, of single or pulse packet, from specific c    n.   v 
and plasma absorptionTayer thickness values with non-reflecting characterx.t.cs 

and under maximum temperature conditions.    It was also demonstrated that 

only about one half of radiation energy was used for plasma heating,  the 

remainder being dissipated in the plasmu. 

I 

Plis.  A. I..   Ye.   L. Tyurin.  and V.  A. 
Shcheglov.   Heating of materials by short 

laser pulses.    ZhTF.  v.  17,  no. 12,  1972, 

2568-2576. 

In connection with the use of laser energy for heating solid 

materials to fusion temperatures,  a theoretical an.l/.i. i- given of two- 

dimensional solid target heating by u.trashort (r/< 10 -d powerful laser 
palses      The heat conduction and gas dynamic unloading of the heated mate^al 

are taken into account.    A density profile n(x) and the optimum heatmg 

conditions of a plasma layer formed by single-pul« interaction with the 

target are defined for ice.  lithium deuteride.  or polyethylene materials 

used for neutron generation. 

An analytic method was developed for calculating plasma 

layer temperature T^ and energy Q absorbed in the plasma at the pulse 

cut-off time t   .    Pulse reflection from the cut-off boundary V where the 

electron density is nc S 1021/cm3.  is taken into account in calculations. 

With allowance for additional plasma heating by the reflected pulse,  the 
iau. nr O and T for an arbitrary n(x) are,   respectively, approximate formulas of U and  i lim IOT •« 

(■ 

(•::,.1)   (-"0      ("(^ )   r/r(cr,/sq.   cm) 0) 

and 

^ (';:;•) (•'•> (2) 

"• 
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where f    is the pulse energy density (erg/cm ) and a i» a constant.    It 

was found that by allowing for reflection,   absorption increases by 32%. 

The maximum Q,   for a given initial thickness xo and electron density n 

of the plasma layer,  is given by 

The lifetime of the absorbing layer with optimum parameter! is 

(3) 

" ■'(! 

'V (4) 

where c    is the initial sound velocity at Te = T..    At pulse cut-off the 

electronic heat-conduction wave and the unloading wave start to propagate 

into the target material.    These processes are distinguished by the equality 

T    - T   at the time T   , at which a noticeable As lion reaction sets in. 
e        i ei 

Plasma heating, with allowance for the cited processes,  is 

described by a single universal integrodifferential equation.    At the 

dimensionless time t . t/^ the self-similar solution of this equation, with 

exclusion of gas dynamic terms is 

/■   i'vr • ■t 
(5) 

where f ■ T/t !■ th« dimensionless temperature,  and xT - xT/ft is the 

dimensionles« coordinate of the heat wave front.    Comparative T/O and 
x   /Sversust/r    show that the unloading wav^ overtakes the he-t wave in a 

finite time,  And adiabatic expansion of plasma occurs.    At a time t = T. 
separation of xT from x8 is at a maximum (xs/xT = 0.4) and Te ~ T..    The 

fusion neutron yield is calculated from this time onwa-d using the given 

solutions and data from the literature.    The neutron yield N and the total 

fusion energy Of ,   were accordingly calculated for solid deuterium D and a 

D-T mixture,  respectively,  and were plotted against the absorbed Q (Fig.  1 
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anfi 2).    The lifetime of a hot plasma was calculated to be   HP«;*(>%   , 

Q.   j/sq. «MI 

Fig. 1. N verauB Q plot for a solid D target 
nd = 5 x 1022 cm-3. Dots are for literature 
data. 

JI 

9lt — 
(■ j/iq. cm 

Fig.  2.    Relative fusion energy yield Qf e   /Q 
and plasma average temperature T versus'Q 
plots for D(nd = 2.4 x 10" cm-5)-T(«| = 3.6 x 
1022 cm-3) target. 
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Lugovoy,   V.  N. ,  and A.  M.   Prokhorov. 

Heating and confinement of pl>Bma in 

croBsed light beams.    ZhETF P,  v.  17, 

no.  1.  1973.   52-55. 

A new method of plasma heating by a pulsed laser radiation 

is proposed to produce a   nuclear fusion reaction.    The method consists 

of heating a material by two beams,  e.g.,  emitted by the same laser, 

intersecting at some angle a.    In contrast to previously discussed techniques, 

this method enables heating the plasma much longer than the time of hydro- 

dynamic dissipation,  and obtains a skin layer area much larger than the 

surface area of the heated plasma volume. 

Interference of the two-focuaed beams intersecting near their 

focal regions of diam.   d*.  and d*- produces three-dimensional "micro- 

regions" or potential wells which prevents plasma dissipation if the 

electromagnetic field pressure p..     on the boundary surface of a micro- 

region is greater than plasma pressure p ,.    Assuming the condition Pjirn 
> 

p , holds within the time interval (t. - t ), where t    is the time of total rpl 1      o o 
Ionisation, the time dependence of power p.(t) is shown to be exponential 

for a typical laser pulse. "XTie above assumption is then valid, if the pulse 

duration 

3V 
% < ** - 77J-,. * 0) 

I 

I 

where V is the total plasma volume confined to the microregions, d* ■ max 

(d*., d*_), and \i is the efficiency of optical energy conversion into thermal 

energy.    Plasma temperature T. at maxirrmm p. is given by 

E, (2) 
6nW 
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where n is the ion density and E| is the total energy üi the laser pulse. 

Application ol (1) and (2) to a D-T plasma (n =  5 x 10      cm"  ) heated by 
< 10      sec,  and T. = 

-3       1 

ith d* = 5 x 10      cm 

nrr— j 

laser ^Ises with Ej = 3 x 10    j and ^ = 10      gave Tp 

3 x 107 deg.    Free dissipation time of the plasma wi 

would be 4 x 10'11 sec.  i.e.  an ordev of magnitude shorler than Tp.    Plasma 

confinement is feasible even for the case when material layer thickness I 

is significantly smaller than the length of microregions,  provided I » v J^ 

where v    is the sound velocity in the plasma.    Shorter laf.er pulses,   e. g. . 

T    - 3 xV11  sec,  would promote a greater plasma contraction and increase 
P 

n in the microregions. 

Krasyuk, I. K.,   P.  P.  Pashinin.  and A. M. 

Prokhorov.    Effect of stimulated Compton 

scattering in the interaction of laser radiation 

with a superdense plasma.     ZhETF P,  v.  17, 

no.   2,  1973,  130-132. 

I 

The amplification of laser radiation reflection from a super- 

dense plasma is evaluated theoretically on the assumption that stimulated 

Ccmpton scattering of photons by plasma electrons is the amplification 

mechanism .    A strong reflection of laser radiation must be accounted for in 

any theoretical description and practical reali.ation of rapid plasma heating 

by laser radiation to initiate a controlled fusion reaction. 

The total reflection R of laser radiation from a plasma layer 

of thickness f is evaluated from earlier established equations which describe 

amplification of a weakei laser pulse (I.,) by the stronger (^ during their 

propagation through a plasma in opposite directions (Ka«akov,  et al.  ZhETF P. 

v. 14. no.  7,  1971,  416).    Solution of the cited equations gives 

R     Roexp/}/|0/
,f I -R), (D. 
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where Ro - I^OWL^O) is the initial reflection,   I      is the intensity of a laser 

pulsp entering the plasma layer (.,   and ft is the factor defined earlier as 

a function of v       (v is the laser radiation frequency).    The solution (1) is 

plotted in Fig.   1 and 2.    Fig.  1 shows a significant amplification of laser 

R 

w an in 

1 

R « 

JUJ J t-i i mil 

R0 ijO' w/cm2 

Fig.  1.      R = l2(^)/Iio versus R0 Fig.   2.    R = ^(Q/Iio versus I10 at R0 

for /- 0.2 (curve 1), 0.1 (2)      05 0.1 and £ ^ 0. 2 (curve 1).   0.1 (7) and 
(3),  and .01 cm(4) at I10 ■ 10l6 w/cm2. .05 cm (3). 

radiation reflection by the plasma owing to the  Compton effect.    In spite of the 

strong ft dependence on v,  it may be assumed that the real v dependence of 

R would be weaker than v      because of v dependence of l and L 

Fig.  2    shows that amplification of reflection on account of the 
15 2      ' Compton effect becomes noticeable at LQ i 10      w/cm  ,     The importance of 

the effective electric field to the Compton effect is stressed for the plasma 

density range where plasma frequency equals that of laser    adiation.    In this 

range,  the Compton effect may be greatly increased because of the corresporriing 

increase in electric field,  and may decrease radiation flux to the level at 

which reflection amplification becomes significant. 

•113- 

^^M 



^N 
^ 

Samokhin,   A. A.    Effect of superheating in 

a developed vaporization regime.    KSpF    no, 4, 

1973,   7-10. 

I 

\ 

The author considers the case of intense e-m heating of a 

target surface such that a superheated condition occurs at the melt-solid 

interface,   and investigates the effect of the superheat regime  on vaporiration 

development.    The maximum temperature for a highly absorptive medium 

occurs at some small distance I   from the interface, the temperature difference 

between this point and the surface is given by 

AT = (I   Id o 
(1) 

where c is heat of fusion,  c = thermal capacity of the liquid phase,  and 

I defines the effective heating depth of the liquid phase.    Here I - y/v where 

X is thermal conductivity and v = velocity of the vapor boundary. 

The effect of superheating of the liquid phase becoires pronounced 
-4 

if the frequency of nucleation of the gas phase reaches a value of v£o     . 

Evaluating the corresponding temperature Ty^ directly for metallic targets 

is difficult,  but may be arrived at by using the limit superheat parameters 

identified with known liquids.   Using this method the author arrives at an 

expression for T..     in terms of critical temperature and pressure.    The 

analysis shows that the superheat regime actually occurs only over a limited 

range of incident flux densities,  namely those which bring the surface to the 

vicinity of critical temperature. 

The author recommends more controlled experimentation 

with this phenomenon,   specifically in tests where thickness of the liquid 

phase and vaporisation rate would be controllable.    A possible subject for 

this would be semiconductor materials which metalliae on fusing and become 

opaque to incident radiation. 
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r.ribkov,   V.   A..  O.  N.  Krokhin,   G.  V, 

SkliBkcv.   N,   V.  Filippov,  andT.  I. 

Filippova.    Powerful neutron sources 

based on a Z-pinch.    ZhETF v.  18, 

no. 9, 1973, 541-544. 

I 
I 

The experimental pinch effect data of different authors are 

summarieed (Table 1) and  interpreted in terms of the proposed model of 

neutron formation in a Z-pinch.    The tabulated data show that the total 
T       A 

neutron yield N    and the relative thermal neutron yield Nn /Nn   increase 

as the pinch diameter a at breakdown decreases and plasma density Ne 

increases.    In accordance with theory the main neutron pulse appears and 

hard x-rays disappear at 20 to 1Ö0 nsec after pinch formation,  i.e..  only 

when T     . attains 103-104 eV.    The electron beam stopping lenpth I estimated 
c  i 

from experimental data and calculated from a theoretical formula is roughly 

the reciprocal of Ne _j. 

Summarising the cited data,  the authors conclude that neutrons 

in a Z-pinch form mainly on account of collisions between D ions accelerated 

in an axial electric field E^a) and cold (< 1 keV) D in the pinch,  but  also 

on account of plasma heating to T > 104 eV, by powerful relativistic electron 

beams.    The effect of the latter mechanism increases with increase in E^fa). 

density,  and temperature of the Z-pinch plasma.    Initially,  the electron 

beam energy is dissipated almost totally at the cold anode.     Hence    preheating 

the solid deuierated target at the Z-pinch anode to a temperature of several 

keV.  as by a powerful laser beam, if suggested as a means to increase Nn. 

In this way the plasma can be efficiently heated »t the onset of electron 

beams on account of a two-beam instability development.    In the case of a 

micro-pinch,  the same effect of increasing Nn can be obtained by preheating 

to 103 eV and precompression of an exploding wire near the anode by means 

of a powerful laser beam. 
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Device type 

Parameters 

Classical 
7. -pinch 

Capacitor 
battery 
voltage Uo 

Current Ic 

Pinch diam. 
before break- 
down,    2 a 

Peak neutron 
pulse density, 
Nep£ 

Temperature 
from soft x-rays 
and neutron 
spectra, T^ ^^ 

Erergy of hard 
jc-ray component, 

o b 

Total neutron 
yield,   N 

Thermal-to- 
acceierated 
neutrons ratio, 

NT/N^ 
n     n 

~30 kv 

~400 k» 

~Z cm 

~10      cm 

<10    eV 

Plasma 
focus 

~25 kv 

'^l Ma 

~0. 5 cm 

~10       10 
cm.'3 

~104 eV 

350 keV 

-107+108 

« 10' 

~200   500 
keV 

^iO^lO11 

~10'l+10 

Laser-induced 
Z-pinch 

'15 kv 

'250 ka 

in21        -3 
40      cm 

8-10    eV 

~500 keV 

Micropinch 
(exploeMng 
wire) 

'600 kv 

'1.2 Ma 

-2        -3 ~10    - 10      cm 

^,«21        -3 >10     cm 

~10    eV 

>600 keV 

11 
-10 

> 10 

Table 1.    Experimental pinch effect data 
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Makhankov,   V.   <).,   ami V.   N.  Taytovich. 

AnomalouB healing of cienee plt.Bma by laser 

radiation.     Phys.   scr, ,   v.   7,   no.   5,   1973, 

234-240.    (RZhF,   11/73,   no.  11G137) 

An evaluation is given of the range of plasma parameters over 

which it appears possible to obtain anomalous laser heating of the plasma, 

caused by collect.,e processes.    Conditions are defined for generating 

oscillations at frequencies both above and below that of paired collisions. 

The correlation is considered between the effective frequencies correspondinp 

to anomalous heating,   and incident energy together with plasma temperature 

and density. 

C.aleyev,   A.   A.,   G,   Laval.   T.   O'Neyl, 

M.   RoEenbl/ut,  and R.  Z,  Sagdeyev. 

Interaction of a powerful elect.-omagnetic 

wave witn plasma.    ZhETF,  v.  65,  no.   3, 

1973,   973-989. 

Linear and nonlinear plasma theories are expanded to 

describe  parametric    instability processes in a nonuniform D-T plasma 

interacting with powerful laser radiation at co   frequency.    Linear theory is 

applied to calculation of the amplification factor u of small perturbations and 

the parametric instabilit/ increment y for the parametric absorption and 

parametric backsoatter processes.   The parametric absorption processes are 

described as useful instability development which results in plasma heating. 

The processes leading to plasma heating are decays of photon (t)-»-plasmon (!)  t 

phonon fs),  t->£ + £'.   and t-H + ion (i).    The backscatter or "harmful" processes 

are decays of t-»t   + s,  t-M' + i.  and t-^t1 + i. 

Beoroduced |ffO
m 
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To simplify cmlculetionB of linear y the case of » pUne- 

polarired monochromatic User beam is considered.     Expressions for y 

are derived from a simplified expression for the nonlinear dielectric 

constant of the plasma.    An example of y calculation is given for the t-f + s 

decay or stimulated Brillouin scattering.    The factor v is calculated in 

normal mode or quasimode approximations.    The maximum y and „ values 

are tabulated for the parametric backscatter along withy and V values for 

the parametric heating processes. 

It is shown that both t-t' + I and t-f + s stimulated scatterings 

occur at a -40 degree angle.    Threshold y value is first attained for t-^l + ■. 
then for t-l + i' instabilities.    The parasitic decay instabilities t-f + s and 

t->t' + I arise at even higher incident power of the nj order.    The latter 
instabilities cause an additional nonlinear reflection and hence can be extremely 

harmful to laser-induced nuclear fusion in a D-T pellet.    In view of thi. 

possibility the authors attempted to analyae the nonlinear phase of parametric 

scattering.    Nonlinearity consists of parametric backscatter of pumping rad.^on 

on increasing perturbation, with saturation of instability at the end.    Two 

approximate nonlinear models of the t*t» + • process are discussed, because 

this process results in maximum linear V.    At not too high incident power 

the model of soft inclusion of decay instability,  i. e..  a smooth penetration 

hy e-m radiation of the plasma corona region, with amplification factor 

~eL, describes radiation relaxation in a quasilinear approximation.    The 

upper amplitude limit of the incident laser radiation,  below which the 

quasilinear model is applicable,  is given as 

K„l/&nnT.<y/M.. (D. 

1 
At an amplitude above the critical value given by (1).  parametric scattering 

can be described by the nonlinear model of hard inclusion of instability.    In 

that case, the relaxation length Ax of the incident radiation or depth of 

I 
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nonlinear sratterinR is estimated to be of the order of 

Ü)o     \  (I), / /„ 

(2). 

I 

I 
» 

' 

For a Nd glass laser at C0o   s 2-1015 sec"1, u  /u)  <* 2,   and I  /nT ^ 0.1,   Ax 

is calculated to be of the order of 10"2-.10"3 cm.     The practical importance 

of the analysed processes is emphasized for the physics of electromagnetic 

wave-plasma interactions.    An abbreviated treatment of this same topic 

is also given elsewhere by Sagdeyev (Uspekhi fie.  nauk,   v.  110,  no.  3, 
1970,  437-441). 

Plis,   A.   I.,   Ye.   L.  Tyurin,  and   V.  A. 

Shcheglov.   Laser-initiated thermal wave in 

a substance.    ZhTF,  no.  11,  1973.   2267-2272. 

The authors examine factors governing heat conduction in a 
solid target exposed to intense laser pulses,   for the case where energy 

delivery time is appreciably faster than heat dispersion rate into the 

material.    The analysis is based on a set of gas dynamic equations in terms 

of target parameters (density,   veloci' /,   specific energy etc) and incident 

flux density.    Graphical solutions are included showing temperature and 
thermal wavefront variation as a function of time. 
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Kaliski,  S. ,   C.  RymarE,   L.  Sclarr,   and 

E.  Wlodarceyk.     Uumerical aolution to 

boundary value problems of laser heating 

of a plasma with energy yield from  nuclear 

synthesis.     Biul.  WAT J.  Dabrowskiego, 

v.  22,   no.  6,  1973.  61-84.    (RZhF,   12/73, 

no.  12G227).  (Translation) 

A numerical analysis is presented of laser heating of a one- 

temperature plasma,  with allowance for energy yield from nuclear fusion. 

The two-dimensionai case is analyzed »t a fixed and a free boundary with 

a specified pressure.    Time dependence of temperature,  density,  and 

velocity is calculated. 

Heat and shock wave configurations are studied in particular 

and their separation point is determined along with the effect of fusion energy 

on the process.    Distinguishing the thermal wavefront effect from that 

of the shock wavefront becomes possible by analysis under specially selected, 

although somewhat artificial,  boundary conditions.    The distinction of the 

cited effects is important to development of the new averaging methods, 

which is the main purpose of this analysis.     A two-temperature plasma can 

be described in similar terms. 
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Askar'yan,  G.  A.,  V. A. Namiot,  and M. S. 

Rabinovich.    Using supercompression of 

material by reactive preBBure for obtaining 

micro-critical mas sea of fissionable material 

tn generate superstrong magnetic fields and for 

particle acceleration.    ZhETF P.  v.  17,  no.  10, 

1973,  597-600. 

The authors discuss the theoretical production of extremely 

small critical masses of fissionable materials from supercompression by 

reactive pressure,   generated by high-temperature evaporation of material. 

It is assumed that powerful laser radiation impacts the entire surface of 

the target material.    Expressions are obtained for pressure during 
evaporation, nuclear concentration and neutron multiplication.    It is noted 

that pulsed micro-critical masse, maybe used for obtaining powerful 

pulsed neutron and neutrino fluxes (~ 10 7 neutrons  in W      sec).    The 
authors also show that during supercompression of material,  it is possible 

to obtain superstrong magnetic fields (>109o^   and particle acceleration. 
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