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Abstract

We address the issues of collective stopping for intense relativistic electron lB&Bs used to selectively ignite
precompressed deuteriuntritium (DT) fuels. We investigate the subtle interplay of electron collisions in target as well

as in beam plasmas with quasi-linear electromagnetic growth rates. Intrabeam scattering is found effective in taming
those instabilities, in particular for high transverse temperatures.
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1. Introduction Hered, andé, are the temperature components parallel to

. . . . . . the x andy directions,Py is the drift momentum, super-
The interaction processes involved in the stopping oflntensgCri tsp andb represents the plasma and the beam electron
relativistic electron beam@REB) for the fast ignition sce- psp P P '

nario (FIS) (Tabaket al, 1994 Deutsch, 2068 2003, respectively. From the linearized Vlasov equation with col-

2004; Mulser & Bauer, 2004are monitored by a competi- I!5|on te_rm 3 "%‘”d Imequzed Maxwell's eq“"’_“'o”s’ we get
. L : : . linear dispersion relations for a purely growing mode. Col-
tion between collisionally dominated stopping mechanism

. Jision termn = n, + n, is explained as a superposition of
(Deutscletal., 1996, and nearly instantaneous beam energy,. et and bean? Iasbma copntributions In Eﬁ fhe drift
loss due to fast rising electromagnetic instabiliti@ret 9 n ' '

et al, 2005, 2004 momentum should read as

Let us now consider a current neutral beam-plasma sys- n

tem. The relativistic REB propagates with the veloaiy pE = myv, and p = p —, 2

and the plasma return current flows witfl. It is reasonable ke

to assume that an electromagnetic mode has k normgl to

perturbed electric fieldE parallel tov8, and perturbed

magnetic fieldB normal to bothvf and E. So, the total

asymmetricfy consists of nonrelativistic background elec- 2. DISPERSION RELATIONS

trons and relativistic beam electrof@kada & Niu, 1980 Qur analytical scheme could be implemented in the most
transparent fashion through a string of dimensionless vari-

Np eXp<_(px+ pd)’ _ Py > ables and parameters. Weibel electromagnetic instability

in terms ofy = (1 — v2/c?)~Y2 andv,, beam velocity.

fo(P) =

2am(6P6P)Y? 2mepP 2mo,p (WEI) growth rates and wave number obviously take then
the form(w, is the plasma frequengy
. My o <_<px+p3>2_ 37 )
bby1/2 b b |* ) kc
2y (6,6)) 2my 6y 2myfy x=— andy=—, 3)
a)p wp

@

with corresponding normalized collision frequencies
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Transverse velocities play a pivotal role in the WEI growthto four typical beam-target combinations based on the asym-
rate analysis. They read as metry parameters,

b p
Yy Uy
v, = — andl}z—_,
C C

0P+ p&/m 0P+ pi?/my

(5) A ,
0 0

@

altogether with beam target density ratio
3. QUASI-LINEAR EXTENSIONS (QL)

Ny
YNp

Up to now we were restricted to a linear WEI analysis.
More accurate growth ratd§&R) are expected by retain-
ing particle motion in target plasma under local electric
With these expressions, one can then specialize the evaluand magnetic fields. Sophisticated treatments going back
tion of the plasma Fried-Conte dielectric function throughto Dupree-Weinstock analysigono & Ichikawa, 1973
suitable asymptotic expansions. This procedure then leadsf so-called weak turbulence. In the present context these
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Fig. 1. Linear(a) and quasi-lineafb) electromagnetic growth rates for 1 MeV REB with= 10?? e-cnm 2 andT, = 1 keV impinging
an electron target with, = 10 n, andT, = 1 keV. Curves are parametrized w.r.t to normalized collision frequemciesge) andn;
(beam). (c) and(d): same plots for cooler beam and target temperature With T, = 100 eV.
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considerations lead us to complete definitionsAcindB  collisional stopping. Further results are reported on Figs. 1c
with

and 1d for cooler beam and target temperatlie= T, =
100 eV). Other parameters remaining unchanged, colli-

AT, BT, sional contributions and n, are thus expected stronger.
= T, E XD’ B = o’ ®  Indeed, quasi-linear GRFigs. 1b and Liiwith nonzeron
andn, are manifestly the lowest.
. Increasing significantly the target plasma density and the
whereX denotes the largest solution of gsig Y getp y

beam temperaturéFig. 2) make negligible the intrabeam
) . collision term fulfilling now n; << n. The very highT,
b2 axp p o.p 6. . .. "
(14 1)X* — [r Pa 2 IO_d2 @+ r)<_y n —y>]x2 value, in MeV range, erases very efﬂuerﬁly any.posmve
(my) m m m  my growth rate, thus featuring a beam-target interaction stable

at any plasma wave numbler
p&? 0_'“ 23 piz 0_yb These preliminary results highlight the cone-angle sce-
1Ty T m m e my nario (Kodama, 2001; Deutsch, 20832003) with laser
produced electrons close to highest density core in precom-
op 60 pressed DT fuel.
—(@+n) =1 =0, 9
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Fig. 2. Same captions as in Figs. 1 for higher target densities and beam temperature with negligible intrabeam s((aattgl:i:ny)25
e-cm 3 T, = 0,5 keV with T, = 500 keV.(b) n, = 10** e-cm 3, T, = 1 keV with T, = 1 MeV and 5 MeV REB.
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