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ABSTRACT
maraction machanisms between 8 high intensity ltaser beam ang a lung
nomogeneous underdense plasma are siudied both in the contens of
taser fusion and new particle accsleralor concepts Experimanis are
purformed in long plasmas generated by explosion of a thin loil
irradiated by a high inlensity laser beam Main results on the interaction
provesses in such plasmas are presented for short wavelength lasers
th = 0,58 and 0 28 ym),

I INIRUDUCTION

imteraction mechanisms between a high intensily laser beam and a plasma have been studied
for many years in the context of inlertial confinemant fusion It has been shown that short wavelength
lasers have many advantages Collisiunal absorplion. heating most of the plasma elecirons, is
increased 1o very high values of the order of 80% to 80% Al the same time delsterious effects as
Brilluuin scaliering, two plasmon decay, Paman scallering and instabilitiss near the critical density
are greatly reduced If Brillouin only scatiers a fraction of the laser energy away from the plasma,
othar instabilities generale high amplitlude plasma waves which in wen ascoslerate a small fraction of
the slscirons to very high energles Not anily do these electrons lower the hydrodynamic efficiency of
the intgraction but they can heal the D | fuel before a sullivient comprassion has been reached An
opan question is 10 know what will happen to thess instabliities in the Jong (~ 1 em), hot and quasi
humogenaous plasmas {(~ a lew 100 eV} expanding In fromt of the largeis needed in lutwre
compression expariments

On the other hand, plasma waves generated by lurward Faman instabliity can have a very high
phase velocily ¢lose to ¢ and thus aceelerate electrons 1© very high energies In fact, slectrons with
gnergy up W 8 few MeV have aslready been deteclad in laser targel inmeractons  Advanlages of
forward Raman instability against the “usual” beat-wave technique Is that it uses only one wavelengih
taser and that it does not need & very accurate plasma density matching  But as forward Raman is an
inglability, one may need a high intensity laser 1o excite it in the low gensily plasmas necessary 1o
obtain high phase velocity plasma waves
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An srperiment has been developed in order 1) 1o generate long {1 mmy and homogeneous
plasmas 2} o study the lzser plasma interaciion mechanisms in these conditions
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2 EXPERIMENIAL SEI UP

Irhe sxperimental set up is schamatically shown on Fig 1 We used the neodymium lasgr of
the GRECO M detivering two 80 mm diameter beams with up o 80 J per beem at 1 083 pm oy 600
ps (FWHM) pulses The Hrst beam is freguency doubled (40 J at 0 53 pm for H00 ps (FWHM
puises) and focused with efther two oylindrical lenses (f = J0U and 750 mm} or one oylindrical
¢ = 11 m) and oneg doublet (f = 250 mm) on a thin (9 » 2 000 A to 1 pmd plastic (GH) foil 1he
focal spot tooks like @ 1 mm long and 20U g high rectangular area and the inensily goes up o
2 10*® wrem®  the typical dunsity and temperature profiles of the expanding plasma at dillerent
times during or after the laser pulse are shown on Fig 2  The maximum plasma density can be
chosen by varying the delay between the first beam and the interaction beam or by changing the
initial toll thickness
the interaction beam iz thon focused along the plasma {1 ¢ along constant densities) by a
1/2 7 doublet tf = 250 mm) or a /8 lens lhe maximum intensity at focus is 2 10*° W/em® at
A= 0 53 pm and 10°% W/em® at A = 0 26 ym  the two wavelengihs used in these experiments
the main diagnostics are the following
Timp resoived and time integrated measurement of backreflected light through the focusing lens
Time integrated measuvrement of bansmitted fight into 8 (/8 collecling system
Time rgsolved measurement of the backward and torward Baman speova
Measutement of the high energy elctrons emitted from the target between 38U keV and 250 keV
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Figwe 2
Density and temporative profiles from D slendation gt difgeont timas
Parametors of e shinuglption e UH ol ¢ » 2000 f{ &= D 853 am
600 ps PwrM 1 = 1007 wiom®, the maximum of the puise is al 999 ps

3 EXPERIMENIAL RESULIS

fhe density and temperature of the preformed plasma can be oblained from the moasured
backward faman spectra  From the relation z,=ze Zy WNere z; izo) s the frequency of ihe
seanered Hgnl Uincident Hghtl andg Zg 15 the plasma frequency proportional © n&” z yary Qlase o he
piasma wave frequency, one can geterming the donsity of the plasma from the measurement of = i
Examples of backward Raman spectra oblained 81 1 = 0 53 and O 26 mm are shows on Fig &
together with the corresponding plasma densilies The density range is shown on Fig 4 as a
tonction of the delay batwesn ihe two pulses and of the initial foll thickness
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Figurg 3
wo sxamplos of backwerd Faman spectrs &1 3 w (¢ 28 pm and & = 0 53 pm
The cotrespondiag plasma dansity is ingiosied on the right

For the long delay as well as thin foils. only low densilies are obsetved 1he jow density Hmit
of the spectia can pe atributed o landau damping which occurs for shart wavelongth plasma waves
compared wilh the Debye length (kin > 0 25, where K=ketk, We thus oblain temperaiures between
100 and 250 eV At these temperatures the plasma is highly collisional and all the other results
wonfirm this eifect
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Figura 4
Spectral tange in ning of backward Faman omission vs dely belwoen ihe wo beams
and initial foil tickness A = 0 B3 am, | = 4 10%% wen?

Back 1ofioction through the focusing lens is aiways jess than 0 1% The back reflected energy

appears in very short bursts plien less than the 20 ps tme sospiution of the system  An example is

shown on Fig 5§ lransmission through the plasma shown on Fig 6 is low and compatible with 250

eV tamperature  No forward Baman cuuld be seen in these gxpatiments performed with shoit
wavelength lasers The collisional threshald for this instability is proportional 1o (n/ng) >/ 371% 152
£or these low temperature plasmas the ralio batween e Raman wave phase veloolly and the thermal

velogity is of the order of 10 so that nu background efectrons can be rapped and accelerated in the
wWave

ins

Figwre &
Ty i i ‘ s
© o examples of tme resolved backrafioctsd signal near the fungamental feguenoy
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hiansmission and absarption coefficient of the plasma ve inilial foil ibickness
3% 0,53 pm and 1 > 4 10%° wrem®

4  CONCLUSIONS

Explosion of thin folls inadisted by a high inlensity laser beam generates long and
homogeneous plasmas (1 mm. ng = 10>° 10%* om *)  1ne maximum density of the plasma during
the interaction with & second beam can be adjusted by changing the delay boiwesn iho two boams or
the initial foll thickness At the available laser energy the temperature of the plasma is of the order of
100 1o 250 eV and the plasma is highly collisional lhe generation of high phase velooity plasma
waves by lorward Raman scattering has to be schisved in hotler plasmas and/or at longer laser
wavelength  Experiments will soon be performed in this direction
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Discussion
H, Hora, University of New South Wales

[ would like to refer io the Raman mechanism and to the result of Paul Drake at liverw
more 1] that Raman instabilities do not contribule much fo the energy transfer;  your
transfer by plasma waves (similar to Joshi's, this conference) may well give the MeV eler~
trons (with one laser freguency) as we {(this conference) see from the strong longitudinal
Langmuir fields. Could you please comment under what condition you are expecting a strong
and dominating Raman mechanism.

i1] P. Drake, ECUIM *87 fonf  Prague, May 1987,
Reply

Urake experiments took place in inhomogeneous plasmas and we want fo study what hape
pens in long and homogenous plasmas where instabilities can grow over a long distance, 1lo
preferentially excite forward Raman scaltering compared to backward Raman scattering one
needs a hot plasma so thal landau damping becomes efficient for shirt wavelength plasma
waves



