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ABSTRACT: The problem of the interaction of an ultrastrong laser pulse within the
framework of the quasifree state of an electron dressed by a strong laser field was studied
recently. A simple and useful approximation is obtained for the multiphoton energy transfer
processes which accompany the relativistic scattering of a charged particle and an effective
collision frequency was found. Under this conditions the classical linear resonance is unable
to explain the global absorption in laser — plasma experiments. In this paper, when the
absorption rate is independence of the initial distribution function and depends only on the
photon flux intensity, we show that the effective absorption coefficient is scale as I”, where the
r- parameter is in the range of 0.5 <r <0.75. This scale factor is compared with the recent
Brunel’ expression and the results obtained from experimental conditions.

1. INTRODUCTION

The interaction of ultrahigh — power beams with plasma through the non linear
inverse Bremsstralung become particulary interesting when the laser power is sufficiently
intense to cause the electron oscillation (quiver) velocity to became highly relativistic. At
present, the investigation of the relativistic absorption of intense electromagnetic radiation
through electron — ion collision processes in a fully ionized plasma is still incomplete. The
major difficulty with the existing theories at high radiation intensities is because of large
numbers of photon which must be included and, in these case, the direct evaluation of the
contributions from many photons to obtain the total absorption coefficied s very difficult.

Recently [1], (hereafter referred to as I), through a simple quantum mechanical
approach, the inverse Bremsstrahlung problem for CO, laser-plasma interaction was studied
by calculating the transition probability [2] per unit time and the rate at which energy is
absorbed by electrons with a specified energy distribution, where we find that Yt

(p <1/2). However this scale factor is usefull to model CO;, laser-plasma experiments when

the density gradient length L, does not depend on the laser intensity.
At high laser intensity when the energy of a free electron oscillating in a strong laser
field, can exceed its rest energy, m,c®, an analysis of the processes by which photons are

absorbed, by which the heating occurs and by which the energy is redistributed between
electrons and ions presents still some difficulties because L = L(I). The aim of this paper is
to give a simple scaling law for the absorption coefficient (), based on the theory

presented in ref [, which allows to model CO, as well as Nd-Yag laser-plasma experiments,
when L =7, being s < 1 at high laser intensities.
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2. EFFECTIVE COLLISION FREQUENCY AND ABSORPTION COEFFICIENT

The typical calculating of the effective collision frequency is hased on a model of the
electron kinetic equation [3]. For high laser flux, specially when th: 2lectron temperature
rises by several orders of magnitude over the initial value. as 1t w1s hown in ref I, the
absorption rate is independent of the initial distribution function For CO, laser-plasma
interactions, it was assumed that the incident electron beam 1s represented by a delta
function, 5(\;,8,1 ) Here, in order to include Nd-Yag-Jaser-target interaction, we assume that

the normalization factor of f(v) does not depend of I.

G

where we set v =al; v, is the thermal eloctron velocity and "' =1/v;. This
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approximation is useful for v, /v, = 0.41«/?/,[1{ >1 ard (v, ’c)’ <! is given in micron, I in
10" W/em? and T, in KeV, [2].
The effective collision frequency is calculated as
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and r, =4e’* /mv};v, =eE,/mw (see Silin [5]).

From equation 3 we can obtain several asymptotic resul's, for the veak-field case we have
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Equation 4 agrees with SiLin’s and Seely’expression |5, 3.
At high beam intensity, when elastic collisions are considered, R(I) = 1 so y . is scaled as

Yg ™2 IV which is similar to the scale founded by Nichoison [4]. However for ineiastic
collision, R{I)~1+al/v; and ¥ becomes approximately can be compared with the early
result of Silin (7, ~ Gl 1))

i

In the relativistic regime, (CO,),v, <c, R(1)~ [1 +(v(, /C)z] , 0 if we extend this result for

v, = @)c we have (see ref. I)
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where 1 < p -2 1.25, herc we have considered that the hot electron temperature is scale as
Thor~ 12 [6], [7].

Equation (5). is the main result of this paper, because clearly it shows an enhanced collision
frequency which is usefull to estimate the absorption coefficient.

It was early reported that the coefficient of absorption of CO,, (Nd-Yag) laser light by
spherical targets has a nonlinear dependence on the laser intensity I, for
I210°W [em*(1 210") (8], [9] and [10]. The observed dependence of the absorption
coefficient, «, on the laser intensity was early interpreted as an enhancement of resonant

absorption due to a distribution of the critical surface. However it is simple to show that the
resonant absorption is unable to explain the experimental observations. The maximum

energy stored in the resonant field is W, = (Ef/87ty, where the length 1 at wave breaking is

1/2

approximately /=v, /o, =(2v,,la)0) with v, =¢E, /mw,.if all this energy is lost, it will

take a time 7, ~(8L/v,@,) " to rebuild. Thus the highest absorption rate is Is/I, ~ koL.

When the incident irradiance, and consequently the ponderomotive force increases,
increasingly steep density gradients are established to maintain the dynamic equilibrium,
that is, the critical density scale length L decrease with increasing incident radiation.
Eﬁ(perimentaliy, above I = 10'4, L: i TH% [6] so for v, /@, > L the resonant absorption

mechanism is quenched. Also, a change in the scale length, L(I), will cause a change in the
scaling with I of the resonant field amplitude and therefore of the hot electron temperature.
Experimentally it was found that the hot electron temperature is scale as Tho ~ e
Unfortunately, no calculation has been done to support these qualitative remarks. Here we
propose that the observed intensity dependence of a results from the nonlinear effects in the
quasi-relativistic inverse Bremsstrahlung by the preheated electrons in the corona.

With a siniple calculating, we can show that the absorption coefficient a is proportional to
(yﬂf ,’a)U)A L [2]. so from equation (5) we see that « is scale as I where 1/2<r <3/4. The

same scale Iacinr was obtained theoretically by Brunel [6] using a classical non resonant
process. However the dependence of the absorption coefficient with the laser intensity
comes from a differcnt mechanism. Experimentally [8], [9], [10]. It was reported that the
laser absorption in a gold targe! increase with laser intensity when 1 > 10" W/ecm?, and it
seems that Yer ~17,p20.5[8], [9]. This apparently agree with our estimation of plasmas at

1.0 micrometer. It seems that our result is more appropriate to model CO, laser-plasma
experiments. Our estimates are based on qualitat?ve arguments where the basic behavior of
high energy process evolving relativistic electrons are determined by the total electron
energy in the wave field. The precise nature of the plasma dynamics that leads to higher
absorption is not fully understood. However from this work, one general observation is
pertinent: the absorption increase as the electron becomes relativistic that is, when
Tho/mc’~1, where m is the electron rest mass and Thy is the superthermal electron
temperature in the plasma. For plasma irradiated by CO, lasers at I > 10" W/cm? (81, [9], Thot
is in the range of 200 KeV. The observation also is confirmed by calculating from the plasma
simulation code WAVE [11].

In summary, we have calculated a simple expression for the effective collision frequency
that takes in to account the laser intensity, which is scale as y, ~ I and this can be
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considered as an enhanced Bremsstrahlung. With this’ Y We are able to obtain the

absorption coefficient, which is scale as o ~ 1"*%/*,

SU PHU THU)C CUONG P TUONG POI CUA QUA TRINH HAP THU
TRONG PLASMA LASER

Torres-Silva, Trin Tudn

TOM TAT: Van dé tudng tdc ctia mdt xung laser cuc manh véi trang thdi gia ty do cla dién
ti da duge khdo sdt gan ddy. D€ don gidn va tinh gdn ding qud trinh trao ddi niing lugng
nhiéu photon kém theo sy tén xa tuong ddi ctia hat mang dién véi tin s6 va cham hiéu dung
da dudc tim thay. V3i nhitng diéu kién cong hudng tuyén tinh co dién khong thé gidi thich
su hip thy trong thyc nghiém plasma laser. Trong cong trinh nay, khi vén t6c hap thy 1a déc
lap vdi ham phén bd ban diu va chi phu thudc vio cudng do thOng lugng photon, chiing ta
chifng minh ring hé s6 hdp thu hiéu dung 12 t 18 v6i I', & day r 1 thong s§ 0.5 <r < 0,75.
Thira s3 ti 1& dugdc so sdnh bdi bi€u thitc Brunel va cdc két qua nhan dudc ti thuc nghiém.
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