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HYBRID TWO-DIMENSIONAL MONTE-CARLO ELECTRON TRANSPORT
IN SELF-CONSISTENT ELECTROMAGNETIC FIELDS

R. J. Mason and C. W. Cranfill

Los Alamos National Laboratory
Los Alamoe, New !4exico 87545, USA

Abstract

The phyBica and numerice of the hybrid electron transport code ANTNEM are
deecribed. The need for the hybrid modeling of laser generated electron
transport is outlined, and a general overview of the hybrid implementation
in ANTHEM is provided. ANTHEM treats the background ions and electrons f.n
a laser target as coupled fluid components moving relative to a f’.ed
Eulerian mesh. The laser converts cold electrons to an additional hot
electron component which evolves on the mesh ae either a third coupled
fluid or as a set of Monte Carlo PIC particles. The fluide and particles
❑ove in two-dimenaiona through electric and ❑agnetic fielde calculated via
the Implicit Moment method. The hot electrons are coupled to the
background thermal electrons by Coulomb drag, and both the hot and cold
electrons undergo Rutherford scattering againet the ion background.
Subtleties of the implicit E- and B-field aolutione, the coupled
hydrodynamic, and large time step Monte Carlo particle Flattering are
diBcuesed. Sample appllcationa are presented.

1. INTRODUCTION

The modeling of electror. transport in laser targeta poses a significant
challenge to computational theoriets. For target deuign and stability
mtudiee the theorist must know where the electron eneray goes following
depot3ition. The transport of this energy by electrons IS influenced by
clone colliaionnl ~cattering in the depths of a target and also by strong

electric and magnetic fields in the target interior and corona. The fields
are, in part, detelmjned by the target resjgtivity, which changes as the
target ts heated by electron :eposition

24
A f lly ionized gold foil target,

for example, will present more than 10 cm-$ electrons &s background for
tllerrnalabsorption in the foil interior, while impinging C02 las~~ l~g~t
will be absorbed at coronal points where tbe electron density is 10 cm .
Hot electrons will stream from these nearly collieionleea deposition points
(the so-calltd critical uurface) through a transition re

;t7&338::-\isiOnalfOil interior0 cozdepoei’ion at’o~y;:~ %:;::denaitiee of 100 keV electrone. At the coronal edge where
this hot density is ni?nrly equal to the ion density the cold background
electrons are excluded by t!~e hots, so the hot motion coneittutes n
non-zero net electron CUrrWIt giving r[se to B-field. Such fIclf-generated
magnetic fieldm must be expncted in all regions bordering moving hot
electrons that have appreciab’.y excluded the colds.
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While Fokker-Planck modeling 1 hae proven useful for the one-dimensional
analysie of transport through the transition region between ❑arginal and
strongly collaional target regions, ite conventional Legendre expanded form
faila in the Collisionless corona, and itB generalization to higher
dimeneionn appears to be impractical.

Conventional Particle-in-cell methods have proven useful in rollisionlees
multidime sional

Y
eelf-coneietent problems. However, the collisional

extention of PIC methods has until now been limited to weak
collieionality, for which the cumulative particle deflections during a
calculatioual time step were restricted to lees than 90°. Furthermore, a
pure particle description is generally limited in application to plasmas
manifesting orily weak density variation, since if ten particlee are
efficient to represent the den6ity in a typical region, the minimum
resolvable dcneity of neighboring regions must be modeled with one particle
unless some complex bookkeeping for particle fission into smaller particles
is Implemented in the model. In fact, a pure particle description will

1
genera ly be eubject to finite grid instability, which la substailtially
weaker in implicit ❑odele than i~ explicit ones but etill a factor that
limits to less than ten the maximum ratio of hot to cold temperatures that
can be explored.

On the other hand, a conventional fluid and Ohm-s 18w description of the
plasms has the virtue that large density variations present no special
diffictiltiee unless the deneity drope locally go low (as in the corona of a
pellet) that the dominance of collisions fails. In target locations where
che collisions are strong, th~ usual fluid assumptions are sufficient to
allow for :laseical hydrodynamic, Joule heatin8 of the electrone as they
61ip through the ion backgrou~d, and conventional thermal conduction.

These considerations and these limits of the older, purer models Ilave leud
ue to the construction of ~~~ present hybrid ANTHEM scheme. Earlier one-
and two-dimensional efforts have contributed n(lhstanttally to the present
euccees of the ANTHEMmodel.

II* ANTi{EM OVERVIEW

A. Principal Code Features

1. The Fluide

In ANTHEM the ions sre a fluid. We asaume that their rlenel~y is cverywhcru
hi8h enough and their temperature low enough so that :he inter-loll
collision rate juetifiee the fluid modeling. Similarly, the backgound
thermal electrons In a target are modeled am a fluid. We assume that theee

electrutls collide with elthcr the tone in denec regions or Wiktl tht~

retaining self-c~neistent fi-field~ at the nenr-vacuum edge of a target, so
they scqujre at least an isotropic, if not Mnxwcllinn, diutributi.on.

We retain the electron inertial terme in the fluid equa?tone. This
eliminate runaway problems in near-collieionlesa regions and moat of the
ambiguities of any alternnte flux-limited truatment. It ham tha
dioadvantnge that the overall time etep for our calculations Is restricted
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by a Courant condition net by the fastest electrons, i.e.
Ueually, the hot electron component will set this time step
the fluid background for thermal electrons eliminate. tbe
finite grid instability heating (a full-particle eimlation

At < AX/Vh.

limit. use of
potieiblity of
phenomenon) of

the cold backgound electrons. This ellowa for n nearly ●rbitrary ratio of
hot to cold temperature in our hybrid simulations, e.g. 80 keV hot
●lectrons in a 1 ●V backgrounfl.

In laser problems a part of the depoeited energy io generally carried by a
separate group of long range auprathermal electrons. In ANTHEM this
additional electron component IS treated ae ●ither ● second electron fluid
or am a set of collioional PXC particles. Ae in the case of the the-l
electrons, wdeling ao ● fluid is justified by the aaaumed reflection of
the electrons off restraining E-fieldc. The hot electrons under~o drag
against the thermal beckgound. In the fluid 5ot mode the local hot
electron density lo decreased aa the drag proceeds. The drag rate is
phenomenologically set at l/Z times the scattering rate for electrons at an
eff ctive temperature set by the local total energy, i.e.

5
mue /3k, where k i~ Boltzmann”e conetant. B~th the thermal;;;~~;~h;
hot fluid ~re governed by ❑edified Bragin6kii equations, with the electron
momenta changed by the gradient of a scalar pres6urep by E- and B-field8,
and by scattering colliaione against the background lone. When the
Braginakii @tattering rate i8 large, Vh ~At >> 1, the hot af.dcold electron
component veloc~ties are driven to the local ion velocity, uh ~ + u .

i
This

behavior is con’jistcnt with our use of the component momentum’equat ona

L (m+l)
%(m) -:[V”Z+%(E(M+l)++ x ~)]At

(m+l) - vi(-l)), ja(m+l)- vaAt(:a = n#a(*l)

for the electrons, a = h,c, and

(la)

Ii‘m+l)- h(m)- -jv”il - Zeni(E(til) + ,X; X ~)]At

(m+l++~c+yc(m+l)+vhAt~(:h (m+l) - xi - :1 (m+l), (lb)
ni

for the ion6. Alternatively, wIIcr) the details of the pvolvin~ hot ~lectrotl

distribution are dceired, the hot particle mode ie available.
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2. The Particles

In the hot particle mode two to ten particles are emitted per cell per time
mtep into an emienion distribution cofieiatent with experiment or finer
●cale simulation. To eimulate resonance absorption the electrons are

ejected as a drifting MaxwellIan in a 20° cone directed back toward the
laser. But for comparison with fluid modeling isotropic Mawellian emission
la available in ANTHEM. Also, for varioue diagnostic tests, such as

teeting the hot electron range in our treatment of drag, the emiaoion can
be set as a monoenergetic beam into or out of the target.

To simulate drag against the thermal back ound we a ow
9accordance with the rule At/At = -const./c . ,,re c). y:3:9:’::ei:

and v are perpendicular to the B-field, and w lice along it. Generally,
the drag mdeling follows the Ref. 8 procedures. The electrons deposit
their energy in the backgound thermal electrons ae they are slowed, and
should their kinetic energy drop below the local thermal energy, they are
abeorbed lending their density and total energy to the bfickground. If the
hot electron density exceede the backgrcmnd density, however, no absorption
is allowed.

Two alternate schemes are available for the.treatment of particle electron
scatter. In each case we assume the scatter egainat ions to be dominnnt,
and approximate the scatter against electrons by increasing the ion
collision rate by the factor (l+Z)/Z.

a. Explicit Scattering

This approach ie originally due to Shanny et al.2. The.electrons are given

a deflection through an angle 9 from their original direction, and thcr~the
plane of deflection is rotated throuEh a randnm angle $ betw~en O and ?H.
The 0 deflection haa a gaua8ian envelope abo t a mean Ruth rford rate s~lch
that the average f 5square deflection la <0 > = conet./c . The maximum

deflection angle 10 truncated at 90°, The Braginekii scattering rate

relates to the mean scattering angle O for hot electrons through the

expression vhAt - <02>/2. Again, see Ref. 8 For ‘-’ ll’”Itl~ “
principal, this explicit scheme IS limited to weak scattering conclitio~)a,
such that vhAt << 1 and O << 1. This is because following the scatter the

electrons are numerically accelerated in the local 1?-and B-fields and tll~n
translated with their new velocities. Thum, consistent with the Courart
time step control, the translation can take the faatcet el(,ctrons acrosfi ,q
full cell, i.e. Ar - vAt w Ax or Ay, where r and v are the particle vector

position and veloc~ty.- However, in strongly-colli;ional regions where Vh,ft

>> 1, the translation should evolve ae Rrownlan motio
excur~iona reduced to approximately AI =

~ ~ith the particle
:A’:/(uAt) ‘ . This can be

approximated in the explicit model by reduc n
{h

all excureiona through
Rrowninn flux-limit facto~ - l/[l+(vAt) !

‘B ] with correepondin~ f
reduction8 in the E and v x ~ accelerations. However, tan implic t
scattering treatment eho~lld be m(lreexact.

b. Imp14cit Scattering

This .aecond procedure
b
e more completely deqcribed in the accompanying paper

by Cranfill ●t al. The field acceleration~ and the ncattertng
acceleration are performed aimultaneouEly. For the two dcflectton
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operations previously deocribed we eubotltute a rotation operation relative
to a randomly oriented collision vector ~. ThUo , a particle-e velocity
reorientation in a scattering event bec~s mch like its redirection cm
croaelng a magnetic field.

dv m VXB

tie particle momentum equation becomeo

2- .~~+- —=)+VXC.
dt m-- c-

The magnitude of ~ ie
scattering rate on the
electrons. The particle

-. (2)

choeen 9 to reproduce the Braginakii Ohm-s law
average for a Rlaxwellian distribution of hot
electrons are advanced with centered velocities.

In etrong colliBlon regione the effect of the ~ x ~ operation lo to eimply
reveree the particle velocities. The mean value of ~ over the time step
i13, therefore, very nearly zero with strong collisions, so the particle
excuraio a with the centered velocity can, indeed, be very.small.

8
Detailed

analy8is shows such excursions to be consistent with BrownIan motion.

We note that the drag and scattering effect8 compete. Once a hot electron
haa been dragged to background apeede, it la deatoyed and scattering
ceases. in particular, when vh~t is large, the drag tends also to be
Btrong, especially in low Z materials. In such caees rapid deposition of
the hot electrons may render details of the scattering procedure less
crucial.

FL lowing the sourcing of particles and the &ag calculation, the particle
mean density, flux and pressure (n , j , and ~) are accumulated for use in
the field calculation. At ,l(e en!! o? each cycle these moments are ag?in
accumulated for diagnostic purpoacs.

Th:3hot electrons are typically generated at den8itie8 of order 3 x 10IS
cm and are significant in the corona and target interior to roughly one
tenth this density, so particle fission into smaller un~ts is unnecessary.
The steep density rice of the background plasma isireadily managed by its
contiuous Eulerian fluid treatment.

3. TileFjelds

ANTHEM rnlcul,ates the E- and B-fields by the fmpltcit moment method3’9.
This relieves the restraint of earlier explicit field ❑ethods to time steps
less than the local plasma period, i.e. u At >> 1 is allowed. However,
the Courant limit At < Ax/vh remains. 1% the ❑oment method Maxwell”s
equations are solved for a Set q

!
advanced eources -- In the present ca8e,

predicted current values ja(fi’ . These currents are obtained from Eq.
(1) spati,llly difference in a simple centered form. Thus, Eq. (1) is
combined with
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aE
= = - 4w~qda (*1) + cv ~ B
at

and

aB
==-c VXE
at

(3a)

(3b)

to obtain the future fields. Here $m represents the ion and hot and cold
electron particle fluxes, for which q“ = -e and +Ze. The model is
presently restricted to prol ems
motion in the x-y plane through Ex

a. Field Solutton Procedure

The fields are determined by first

manif&stlng a mingle Bz component for
and Ey fields.

solving Eqa. (1) for v- in terms of E.
This can be done two wa Ycr tle first (drift) approa;h” the u x B ter~~

x B(m). For he se o d (HHD-like)-me~hod we
~~~d~tm?r~c~?~~)~~~{~~~re ~~~p~~ v(m~ x Bfml The first approach
produ;es fact~rs like ;/[1 + (wcAt) i ~n the expressions far j ,

Uc= $B/mc. it also produces terms with the dependence uc~At)Y?:: +

~w%A~)rJ;t.

With these, 3P/ax gradients produce y-directed currents, i.e. ~
In the second approach ~ responds directly only to ~x, and

the ~ x ~ term acts ❑uch like an expli~t magnetic pressure. In each ca~e,
the Ja solutions are substituted into Eq. (3a), which is then time
integrated and rearranged to give the Ex and Ey components as functions of
V x Bz. The resultant ~ expressions are then used with Eq. (3b) to provide
a single linear elliptic equation for B=.

With the ““drift”treatment of v x ~, the elliptic equation exhibits 9-point
coupling of the Bz field to- its nearest neighbors, which leads to a

9-diagonal, sparce, non-symmetric matrix that can be solved by either a
vectorized ILUCG or a Tchebychev 10 solver. Here, vectorization produces a

5-fold speedup over the corresponding scalar code. Alternatively, the MHD
treatment leads to a

?!
mo if ed elliptic equation manifesting 5-point

coupling. With v(m) x B ‘+ ) this matrix is non--symmetric and still
~ires h Tche~ychev s;lver (which demanda 27 full mesh arrays).

:?s) ~ J.5
With

) the nla~[ix for the Bz solve becomes symmetric, and a
;ectorize% ICCG solver is employed (r quirlng only 13 full mesh arrays).

These solvers require typically 3 x 10
-f sec for a 50 x 50 mesh on the Los

Alamoe CRAY I(MP,while a full computational cycle takes from 1 to 2 see, so
the field solving 1s now a negligible part of the ANTHEM calculations.
Solutions by the three different v x B linearization methods differ

iteration to a v\;+l/~!e~Q~?$ib)

eli~htly in deta 1 le %iscr~pancies could be eliminated by
relllJlt. We have thusfar avoided such

Iteration. In &r MI{Dappr-each the : x ~ term corresponds in the st~nd~rd
way to B-f!eld advection at some mean electron velocity, and numerical
stablity is assured by our usual Courant limit.
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b. The Field Corrections

Without an additional correction theoe field solutiouc will fail to
pre9erve quaai-neutrality in oteep deneity gradient regions at, for
example, the surfac~ of a target. This ia because the predicted Ja values,
determined from Eqo. (3) lnce Bz la known, MY not agree with the ●ctual
currents that lead through the particle ●nd hydrodynamic ●dvancement
procedures to new deneitiee na. In Ref. 3 this deficiency was ●laminated

;;~:::t (:7
correcting the irrotational part of E by r ●terminfng V*E from
at the end of each cycle. 59

f
k have-found that with d&oity

variat ona exceeding 50 to 1 thie procedure ia insufficient. Alone, It
leads to the ●rroneous prediciton of electrostatic potential differences
exceeding 6 times kTh, when 1 - 2 kTh is ●xpected.

Two alternate additional corrections have been developed. In the first we
correct the rotational part of E, as well, by adding to E(m) a function V x
~, which is uniquely chosen toieave aBz/at unaltered i~Eq. (3b) when the
Irrotational correction from V“! la added. The function ~ obeys an
equation very mimilar to B with At + -.

f
It la found with the aid of the

Tchebychev solver. More e fectively, in the second procedure we carry out
a precise bookkeeping of the acutal fluid currents vhlch have flowed during
the cycle, and we accygulate the particle currents in a smooth fashion due
to Gisler and Jones that 1s conelatent with mass continuity. Any
deviation between the actual currents and the predicted currents is then
used to provide a field correction 4ne~qa&~ for the next cycle. It can be
shown that the longitudinal part of this f~eld correction is equivalent to
the Ref. 3 procedure. The additional rotational ~ correction reduceai the
potential variations across steep gradients to O(kTh) values.

Use of the V x A procedure avoids the need for the modified current
accumulation operations which are quite complex. It is, however, somewhat
ad hoc, being based on an assumed invariance of the B time derivative. In
vacua neighboring a target it appears to give sl~ghtly more irregular
results than the 6Ja procedure. Either of the techniques give
substantially more phys:cal results than does uae of the irrotational
correction alone.

4. Numerical Consideration

Densities, temperatures, and pressures are ritor~d at cell centers in
ANTHEM. The currente, velocities and E-fields are stored at cell wall
center8. The B-field resides at the cell corm.rs (or nodes). This
staggered mesh allows for steep gradients by assuring that (1/n)~P/3x 1s
not singular, alnce the n is taken
characterizing P at cell centers (a 10-18scm:T ave-age ‘f ‘he ‘ensitieodenslcy floor saves the P=O
case). This storage also providem a consistent numerical ❑odeling of the
V“ and V x operators employed. It doea, however, require come complex
algebra and averaging 6 to provide both Ex and E

Y’
and jm and jay at each

cell wall center.

Fully forward time centering has been used for maximum etabllity in ❑ost
junctureg in the code where it ca~~e8 no ex:eeeive diaslpation. With the
drift trentment of v x B the veloclty factor must oe centered at halt-time,

otherwise there can-be ;apid cooling of the electrons as they spiral in B.
Uith particle hot elec~rons, the Individual velocitica cauning tranalati~n
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must be centered, ●nd the ja in Eq. (3a) should be ceritered to preserve the

●nergy of ●lectrons reflected in the sheath. The fluid velocities at the
target edge are generally wch lower than those of the particles, ao such
centering in the fluid hot electron ❑ode seems unnecessary.

The fluids are advanced in two phaeea. In the first ‘Lagrangian- phase the
velocities at the cell boundaries are updated by tt,eaction of the pressure
gradients, E- and B-fields, ●nd the collisions — the last drLves the three
velocfty fields tcward one another. This phase is completed by
subsequently moving the cell walla in accordance with their new velocities.
Iu the ●econd “EulerIan” phaae the boundaries are moved back to their

original locationa, wMle the fluid IIS advected acroaa the walls into the
neighboring cells. ?hmeri~~l dissipation IS minfmized during the advection
phase by the use of Van Leer corrections, whfl.chtune the fluxes at some
.>oint between their spatially centered values and their stable donor-cell
valuea such that accuracy is maximized aa atcbility permits. We advect
specific entropy in lieu of internal energv to avoid anomalous vacuum edge
heating of expanding targets. Reference 8 derails these procedures in a
one dimensional context.

B. A Typical Cycle

Typcial flow through the code runs as follows, The time step is set based
on the varioue component Courant limits and various maxima and minfma, with
restrictions on the time step growth per cycle. The critical surface is
located for a single laser beam penetrating parallel to the x-axis from tl]e

right. Particles are emitted with the selected distribution or hot fluid
Is created isotropically thus adding to nh and ad-justing Th at the cri~ical
surface. Mean scattering and absorption rates are set for all the cells.
The partfcles are dragged everywhere to lover speed and new moments arc
accumulated, or the hot electron fluid has its densi:y reduced in
accordance with the local absorption rates. The thermal electrons are
equilibrated with the ions at the Braginskii rate, and bremsstrahlun~
energy loss from the thermals is calculated. At this point all the data
needed for the implicit field determination is at hand. The V=~ and V x A

corrections to the old field are compu~ed, or preferably the 6J;

corrections are added. The coefficients to the B-field solver are

computed. B is determined by one of the f~st iterative solvers.
f

Ex and
E then fol ow from Eqs. (3a) and (l). Nl~xt the hydrodynamics and any
p~rticle advancement is completed. First, either the hot particles or the

hot fluids are updated. The particles are m,jvedone by one with either the
in~lic{t advancement scheme.cxpllc{t or the ,

Th;n ‘;;ct?h;f c;;;
Vev rnonent~

are accumulated following the particle repositioning.
flufde is advanced throu~h the Lngrangian ~~nd Advective phases. F?.nally,
we calculate the actual current which flowed and compare it, to our current
predictions obtained with the field soiwe. If desired, the field and
hydro-particle updates can then be iterntet~ for superior agreement between
the predictions and actuality. Joule heatfng and thermal conduction in the
fluid components ie then determined. Th@ cycle concludes with periodic

print and graphical dumps.
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111. Sample Applications

Sample results from ANTEEM are collected in Figs. 1 through 3. Figures 1

::o:e:e;: ;it :~ml ,nten,tty ,02 ,,ght
argely cellisionlese response of a low density foil

. The light ar
right and ie 352 ●bsorbed. It de~aits at the critical, #=s-~r~ thecm deneity
surface. The epot width is 40 ~, ●nd the full foil width i. 2(M ~. The
foil is initialized with a ramf9Frof~le toward t
peak electron density of 2 x1O cm- d-to ,.!? la:~r ‘hat rum fr~ thecm ● The foil material
Is fully ionized hydrogen at a background temperature of 100 ●V. Figure 1
frame (a) sh-s the densities of the ions and the hot electrons ●fter 2.3
pa. The hot electrons have epread tmard the vacuum region, where their
density is very nearly equal to the ion density. The thermal ●lectrons ●re
largely excluded from thim coronal regiom. The hot electrons have also
spread toward the left boundary, where absorbing boundary conditions hve
been imposed to mock up ● much thicker ayatem. Frame (b) shows the
temperature of hots colds and ions. Figure 1 IS derived for fluid hot
electrons. Although the hot electrons are introduced with a 2f) keV
temperature, they have cooled to near 10 keV, due to their expansion
thoughout the foil. The background ions are still at 100 eV. But by some

mechanism, possibly Jouie heating, the thermzl electrons have risen to 1
keV outside the critical surfzce (this is marked in all the Fig. 1 and 2
frames by a vertical fiducial line). Frame (c) shows the E-field that
holds the hot elecrr~ns in the foil. The field is zero ar the left and
right boundaries. The second curve is the electrostatic potential, which
rises to roughly 12 !ceV inside che foil. In the next row frame (d) shows
that the B-field has a ❑aximum value of about 0.4 M in the region of
maximum thermal dens?.ty gradient. Frame (f) shows that the colds are
excluded in a cavity in front of the deposition surface. Frame (g) shows
the total E-field that must develop to hold the suprarhermals in the target
and draw thermals into the deposition region. In the final row frame (f)
gives a plot of the vector hot electrcn current field, frame (h) plots the
return current vectors, and frame (i), giving the total hot cold and ion
current, clearly evidences the circulating pattern that has given rise to
B.

Figure 2 gives additional information about the Fig. 1 foil. Frames (a)
through (c) show the hot electron evolution when the suprathermals are
treated as particles and the emission is in the form of an isotro?ic
Naxwellian -- to agree most closely with the corresponding fluid hot

calculation. Frames (e) through (g) give comparative hot electron contours
from multifluid calculation. The qualitative a~reement is extemely good.

The B-field as calculated from the fluid ❑odel is shown in tllc fin.11 row.
In each case the hot electrons tend o be trapped on the surface, as first
indicated by Forslund and f3rackbi111~. We have found that when the left
boundary condition i8 specular the excluded foil regions [left top and
bottom frame (c)] tend to fill from behind, so the surface transport is
less pronounced but still in evidence. The right most frames in Fig. 2 are
for 4.7 ps, representing about 3 ❑inutes of CRAY I(M.F time.

Figure 3 collects result~ for a much denser and larger fvll for which the

effects of collisions are much more in evidence. The foil IS fully ionized
gold at 3 kev backgound temperature. It extends 2000 Urnacruss, and LiIe

spot size is ten times larger, 400 pm. The suprathermals are emitted at 80
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keV in ● 2(3O cone towards the laser.
Bra8inakii scattering rate IS vAt = 4.
attempt to enter the solid density gold
with the implicit ●odel for this run.

gave very nearly similar reulte, at first

Frame (d) shows that the peak
This is active as hot electrons
region. Collisions were treated
The ~licit collision treatment
to our general disbelief, because

the drag rate 16 NO large for these conditions that the particles are
usually destroyed upon crossing mre than two cells in the dense foil
Zegioll . Frame (g) shows the u-x phase space for ail the hot electrons.
Clearly, they ●re reflected at both the vacuwm interface (by E-fields) and
at the high density interface (by collisions with the

(b,c), (e,f) a~d (h,i) are at approximately ●qual times
the particle and fluid treatment are in, perhaps
agreement.
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