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Abstract
e e iy

The new flux-limited theory including the ion-wave
effects is presented. Preliminary results of the

two-dimensional particle simulations support this theory.



§1. Introduction

The major part of the laser energy absorted in the
irradiated D-T pellet is converted to high erergy parts of
the electron distribution1-7). It is of great interest. to
know how these electrons contribute to the transport
phenomena. The first answer to this question is given bf
Morse and Nielsons%ho proposed "the flux limited theory".
In this paper we present another theory whichblimits the

electron thermal conduction due to the ion acoustic insta-

bility.

§2 Flux Limitation by Ion Wave

We assume that the electron velocity distribution func-

tion has the form

f—*——l (1-e) oxpl- me(u+ud) ]

JTc/m
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where n, is the ion density, o the fraction: of high énergy
electrons, uy the drift velocity , T the temperature and
m, the electron mass. - The superscripts c-and h dehote the.
main part (which we call cold electrons hereafterj and the
high cnergy pért of electrons, respectively.- Initially
there are cold electrons only. After a part of the pellet

absorbs the laser energy and higH'enéfgy electrons are

| produced there, these high energy electrons flow out into



cold electrons, inducing an eleptric field. A returning
current of cold electrons is induced to cancel this electric
field. As a result, the electron velocity distribution func-
tion will have a form given by eq. (1).

This electron distribution may give rise to various insta-
ba'ities such as a weak bump-injtail instability, ion acoustic
instebility and buneman instability. Because the bump-in-tail
instability saturates at relatively low level of amplitudé, it
is out of our interest. Among various instabilities regarding:
ion'modes, we focus our attention into the ion acoustic insta-
bility. As the fraction of high energy part is assumed to be
small, the ion acoustic instébility is mainly éaused by -the.
cold electrons. Wave-particle interactions bring effective
collisions on cold electrons. Thus cbld electrons slow doﬁn;
forming a current j. This current j makes an éxcgss charge Pe
in the pellet, and induces an electric field;Eiaggin. If we
introduce the scale lengh L of inhomogeneify, we‘can estimate

Pe through

j
& 5 - — : (2).
Thus E can bz connected with j by E

SE o gy, ‘ . SR )

dt

The electric field E will decelerates high energy electrons,



To illustrate these phenomena, we use the following model

equations
d uS e
d c

= v u - —E, (4)

dt eff “d n :
e

d ug e

=- —E, : (5)
dt m,

In the case of steady state we obtain the following equations

from eqs. (3), (4) and (5)

jm -no[l-a) ug + nouug = 0, 6)

E=0, (N

V_pop=0 or u$=0 (8)
eff a "

In eq.(8) we choose veff=0, because veff=0 will be reached;
earlier than u§=0. The effective collision frequency of cold
electrons due to the ion acoustic instability has the formgl
v = u$ - ¢ ' (95

eff d s’ : O
where csis the ion sound velocity defined as Cg= -c/mi (-mi is

the ion mass). From eqs.(6)-(8) the steady state solution is ‘.

obtained as
ug= ¢ and ug = — c.. | (10) .

By use of eqs (1) and (10), the electrbn thermal flux qe can be



calculated as

0.3
qtsme/z Su fdu
l-a

2
=m_n,(1-0)/2 C/mi[-STC/me+3Th/me+( ” ) T/m, |

%3m0y (L-a)/2 (Th/me)3/z [meTc/(miTh)]l/z. (11)

§3, Simulations

To simulate this flux limitation due to the ion acoustic
instability we use the two-dimensional PIC methods. In this

paper we present only preliminary calculations. Figure 1 shows

°

the initial electron distribution. Figure 2 shows the electron
-1 ’

pi ,
=4, In Fig.3, the solid 1line shows the electron thermal flux q'

distribution at t=250 In these calculations we put mi/me
versus the time obtained by simulations and the dotted line.
denotes the electron thermal flux given byveq.(ll).’ The figure
shows that the thermal flux in simulations approaches.the‘
theoretical value when the phenomena approaches the steady.state;
Details of our simulation techniques and the advanced results
will be published in the néar future.

This work'was carried out under the collaboratiﬁgfneseargh,
Program at Institute of Plasma Physics, Nagoya University,

Nagoya.
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Fig.1 Electron distribution at t=0 in velocity
space along the direction of the inhomo-

geneity.
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Fig.2 Electron distribution at t=25m;%

space along the direction of the inhomogeneity.

in velocity



a/a,
2 .
-
1P - ar E am S D S NS Ak D s EE A WD WS G ML G S SN @ @R D SR S AL aD e
1] 1 1 i - 1 1 1
10 15 20 25 30 35 40 45
“pit

Fig.3 Electron thermal flux along the direction of the inhomo-
geneity. Dotted line denotes the theoretical value Qe

which is- given by eq.(11).



