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Fast ignition requires a precise knowledge of fast electron propagation in a dense hydrogen plasma.
In this context, a dedicated HIPER (High Power laser Energy Research) experiment was performed
on the VULCAN laser facility where the propagation of relativistic electron beams through
cylindrically compressed plastic targets was studied. In this paper, we characterize the plasma
parameters such as temperature and density during the compression of cylindrical polyimide shells
blled with CH foams at three different initial densities. X-ray and proton radiography were used to
measure the cylinder radius at different stages of the compression. By comparing both diagnostics
results with 2D hydrodynamic simulations, we could infer densities from 2 to Zdmg and
temperatures from 30 to 120 eV at maximum compression at the center of targets. According to the
initial foam density, kinetic, coupled (sometimes degenerated) plasmas were obtained. The
temporal and spatial evolution of the resulting areal densities and electrical conductivities allow for
testing electron transport in a wide range of conbguratign®011 American Institute of Physics
[d0i:10.1063/1.3578346

I. INTRODUCTION conversion efbcienc?® the electron beam current average
velocity® and divergencé™'21516 Other experiments were
devoted to measure the range, the collimation of these elec-

concept of fast ignition (FI) is based on a rapid10 B 20 ps) : : .
L. ) . . trons, and the way they lose their energy while propagatin
deposition of a high amount of energy Z0 kJ) in a precisely through solid samp}lles e};th er foflg131417 V\E/;i)r/e target%lzg ogr g

located small volume, the so-called hot-spot, within a com- 181023 . .

: ” 1D-compressed foil& Nonetheless, using solid or even
pressed DeuteriumbTritium (DT) shell. Several approaches fOID-compresse d targets strondlyits the area of investigation
creating this hot-spot have beewestigated in the past yedrs. o

O . tg low temperatures {10 eV) and moderate densities
The most known one features a high intensity Iaser-generate< 59:cm3) which are far from the plasma parameters of the

electron beam as an ignitor (electron EMere, the fast elec- .
' compressed core of a driven ICF target (16@rg>, 300 eV).
tron beam, generated out of the compressed core, has to propa- press g v rget (16@rg’ V)

o . n this context, laser-driven shk compression in 2D cylindri-
gate over some 100m from the critical desity surface to the ® P 4

. | geometry, in direéf or indirect drive®® is a promising tech-
compressed DT shel® where the electrons must efbciently “2. 9S0MEY, direcf or indirect drive® is a promising tec

. : o . : nique for creating higher density and temperature plasmas,
deposit their energy. Crucial issues of this particular schemeq. g g ty P P .
o . ) .. Suitable for the next step of fast electron beam transport studies.
consist in the laser-to-electron conversion efbciency and in the : .
We report on an experimental work addressing two

electron transport through a highly overdense plasma. goals. The brst one, presented in this article, consisted in

To understand both points, nerous experiments were studying the cylindrical compression of plastic targets in

realized using solid targéfd® and a few with 1D laser-com- . ) . .
ressed taraef€0 These pioneering works lead to the estab_order to determine their temperature and density evolution
P gens. P 9 during the compression. The second goal, presented else-

lishment of scaling laws for the laser-to-electron ENeT9Y where2627 was devoted to the understanding of fast electron

ransport, generated by an intense laser beam, inside such
@Author to whom correspondence should be addressed. Electronic mai}: P 9 y .
Santos.Joao@celia.u-bordeaux.fr. compressed plasmas. We aimed to propagate the fast

In the context of inertial conPnement fusion (ICF), the
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043108-2 Vauzour et al. Phys. Plasmas 18, 043108 (2011)
electrons in plasmas having different thermodynamic properfrom the ablated plasma created by the LP lasers beams (see
ties as those met in FI fusion targets, either in terms of the-ig. 1).

degeneracy and coupling levels of a compressed DT core, or

in terms of the temperature and density levels of the imploded. Diagnostics setup

plasma between the fast electron source (near the critical sur-

face) and the compressed core. These plasma paramet%[]%i
were tuned by changing the initial density of the targets o
the delay between the compression and the intense las
beams. This way, we tested plasmas with different conducti
ities producing different regimes of electron transport. Thek
design of the cylindrical targets was optimized using the 2D
hydrodynamic code CHIC (Code dOHydrodynamique et dOI

plosion du CELIA) from CELIZ3%° according to the VUL-

CAN laser characteristics. Two diagnostics were used for th

compression monitoring: x-ray and proton radiography.

The paper is organized as follows: we introduce the ex

perimental setup in Sed., the radiative-hydrodynamic code
used to design and interpret the experiment in $éc.and
present the results of x-ray radiography in S&&. The ex-

perimental results are compared to the hydrodynamic sim

lations to infer plasma parameters in S¥c.

Il. EXPERIMENTAL SET-UP

A. Description of the laser and target configuration

I

V_

Mineter and the laser intensity on the foil 5:4@V=cm

u_

The x-ray side-on radiograpf}®! diagnostic was
nly devoted to the characterization of the plasma parame-
ters (density and temperature) of the Zco® targets at dif-
frent stages of the compression.

A short pulse (SP) laser beam (10 ps, 160 J at
%, 1:0641 m) was focused on a 25n thick Ti foil placed
at d%10 mm from the target. The focal spot was|2t d;—

The fast electron population created by the laser propagates

fhto the solid target and generates Bremsstrahlung as well as

line radiation from atoms, including inner-shell recombina-

tion lines like Ky-radiation. These x-rays transversally

probed the cylinder during the compression. The transmitted
x-ray Ka-radiation (Ti-K; 4:5keV) was selected via a
spherically bent quartz crystal (Quartz 203] 2 2:749A,
R:%¥2380 mm) at the brst order Bragg incidendasfgg
89.5) located at a distanck; %210 mm from the tar-
get3? as sketched in Fig2. The cylindrical target was
imaged on the detector (Imaging Plate BAS-TR) located at
L, 2 m away from the crystal. The total magnibcation of
the imaging system wag, ., 2 10:7 and the spatial resolu-

The experiment was performed on the VULCAN tion, depending on the crystal quality, the x-ray source size,
Nd:glass k ¥ 1:053| m) laser facility at the Central Laser Fa- the detector efbciency, and most importantly on the noise

cility of the Rutherford Appleton Laboratory (RAL) in the
United Kingdom. Four long-pulse (LP) laser beams (40 J,

level, has been estimatedBx 20l m on target. Both val-
ues were experimentally measured by imaging a calibrated

1 ns atk=2) were used to radially compress cylindrical targetsgrid placed at the target chamber center. The foam Plling the

(see Fig.1). The four LP beams were symmetrically distrib-

polyimide cylinders was doped with 30% of CI (in mass) to

uted around the cylindrical wall of the targets and focusedncrease its x-ray absorption and enhance the contrast of the

using hybrid phase plates. Theéop hat spots sizes were
150l m FWHM (full width at half maximum) giving a maxi-
mum intensity on target of 3.36W=cm 2. The four LP laser
beams were synchronized with a 50 ps accuracy.

The targets were composed of a 200 long, 220 m
diameter, and 2Dm thick hollow polyimide cylinder (with a
densityq,qy, ¥4 1:1g=cm’), calledtarget shel] blied with CH
polymerized at three different initial densitieg,(¥4 0:1, 0.3,
and 1 gcm®), calledtarget core The cylinders were closed
on both sides by 20 m thick Ni and Cu foils placed, respec-

x-ray radiography images. A variable delayas introduced
between the SP and LP laser beams in order to probe the tar-
get at different compression stages<{® < 3:5ns). The
x-ray time of RBight can be considered negligible compared to
the laser jitter (0.1 ns) and the valgé/4 0 is taken as the be-
ginning of the LP laser beams interaction with the target.

A transverse point-projection proton radiography diag-
nostic¢®3** was also implemented to monitor the compression
of the 0.1 geem® targets. The proton backlighter source was
obtained using an other short pulse (SP) laser beam focused

tively, at the front and at the rear side. For the fast electroron a 20 m thick gold foil. The energy of the proton thus
propagation study (not described here) a tube-shaped plastigenerated was in the range of 110 MeV. More details
coated gold shield was stuck onto the Ni foil to protect it about the setup of this diagnostic can be found in R&f.

| Gold
| ~ shield

Polyimide
cylinder

200um

{ - Target
" ‘\ 1 ns"‘ holder
| \4xt0d)

FIG. 1. (Color online) Schematics of the compression with the four long

pulse beams (left) and of the cylindrical target (right).

Long Pulse Kot signal

laser beams

Short Pulse
laser beam

Imaging Plate

QU ChyEel Target Ti foil

FIG. 2. (Color online) X-ray radiography setup.
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IIl. HYDRODYNAMIC SIMULATIONS OF THE stagnation time, i.e., when the density gradients are less
IMPLOSION steep).

For both the experiment design and interpretation, cylindri- . Fligure4 presents the r%diusdmea;ure)ments (refd tlriangles)
cal implosions are simulated using the radiative-hydrodynami@' 9o ¥4 1 g=cm” CH targets doped with 30% mass of Cl atoms
code CHIC (Refs28 and29). It includes two-dimensional axi- at different stages of the compression. These experimental val-

symmetric hydrodynamics based a cell-centered Lagrangian €S @€ corrected on the widening due to the limited resolution

. . . 2 2
scheme, electron and ion conduction, thermal coupling, an&fhthe Imaging _syste}m. ':]WH%F@&‘E‘&% :}NHM | DIX N
detailed radiation transportnlour case, the ionization and The curves in Figd show the radii deduced from calculations

opacity data are tabulated sasning a local thermodynamic of x-ray transmission through the simulated target density pro-

equilibrium (LTE), depending on the plasma parameters. The® les for different LP Ias_er peam energies: @%' i’) 48, anq
equations of state implemented in the code are based on ,70‘]' X-ray transmissions are com_pute Dy assuming a
QEOS modéf or SESAME (Ref.36) tables. Laser propaga- !ammar Bew of x-rays transverselly probing the imploding cyl-
tion, refraction, and allisional absorption via inverse Brems- '”‘?'ef, at (?jlﬁeregt tlmes.hThelrggpn W_herﬁ one expehctﬁ %trzns—
strahlung are described by a 3D ray tracing algorithm. Thenission drop due to the Cl doping is the corebshell border.

cylindrical compression was sifated for the different targets, Secause the temperature is not very high in this region, one
modeling the shell by a 1=gr® CH hollow cylinder blled with can assume cold opacities for the calculation of x-ray transmis-

CH foam at the three diffent initial densities ¢, %2 0:1, 0.3, sion. Th? compressed_ target was modeled by time—dependent
and 1 gen). The spatial proble of each3 LP laser beam is 2_D density maps obtained from CH.IC hydrodynamic simula-
Gaussian shapetier  €° r=rof \with fo 4801 m. The pulse tions (see Fig7 in Sec.V). As stated in Sedll, the compres-

temporal shape is 1 ns Rattop with a rising time of 200 ps. Thelon laser energy is varied i_n the siml_JIations in order to bPnd
density and temperature 2D maps were computed for each tatthe best match for the expenmental pomts.. The best agreement
get during its compression. Ecomputation has been realized 'S found for 4 48J. In this case, Fhe maximum Compression
for laser energies 4 30, 4 48, and 4 70J to take into occurs ats ¥4 2:56 0:1ns (stagnation time), which is in fair
account possible errors in the measurement of the experimentﬁgreeme”t with exper.lmentlal values (re%trﬁngleds_).l \uti
laser energy, in energy losses by the focusing optics, in the For comparison it is also presented the radial evolution

shape of the focal spots and in the way the laser absorption %f the denser zone (corresponding to the high density central
numerically described. part, as mentioned in Fid) estimated directly from density

probles. The radius deduced from x-ray transmission probles
does not correspond to the compressed zone size. This is
mainly due to the Cl doping.

IV. EXPERIMENTAL RESULTS The effect of the Cl doping in the target core is demon-
strated in Fig5. Here, the simulated radial x-ray transmis-

_ Figure 3(b) displays a typical x-ray radiography of the gjqn proples are shown for doped (dark-blue solid lines) and
cylinder ats ¥ 2:2 ns, next to, for comparison, a photography nondoped (blue dotted linesj, ¥ 1 g=cm3 targets, respec-

of the target before the shot [Fig(a)]. One can clearly see a tively (a) at the stagnation time¥ 2:5 ns (i.e., at maximum

compression of the target. X-ray transmission probles arRompression), and (b) as¥:3ns. We recall that these
extracted from radiographies for different delayby doing a

lineout of the compressed part of the cylinder, as indicated by 150 ‘ ‘ ‘
the white arrows in Fig3(b). Experimental radii (HWHM) [ e 4x70J
are estimated by btting these probles with supergaussian func- 125 | tf&‘s‘gj Transmission |
tions of fourth order (for early times, i.e., when the cylinderOs A Experimental points )
boundaries are still sharp) or Gaussian functions (close to the - "=~ Dense zone limit —  Density
E
=
S 75
I
=
T 50
25
0 | 1 1 |

0 05 1 15 2 25 3 35
Delay (SP/LP) [ns]

FIG. 4. (Color online) Evolution of the target radius measured by x-ray radi-
ography (HWHMorected for 1 g=cm® targets with 30%-mass Cl doping (red
triangles), compared to simulated x-ray transmission proPle radii for three
FIG. 3. (a) Photography of the target ¢og polymerized CHb 30% ClI different LP laser beam energies: 430 (gray dashed line), 4 48 (blue
doping in mass) before compression and (b) x-ray radiography of the samsolid line), and 4 70J (black dotted line). The CH denser zone radius
target during compression (at¥s 2:2 ns). The white arrows highlight the given by the hydrodynamic simulation is also represented (dotted dashed
compression region of the target. Both images have the same spatial scale.purple line).
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FIG. 5. (Color online) Simulated trans-
mission probles as ¥4 2:5ns (left) and
sv3ns (right) for g, ¥4 1g=cm® tar-
gets, doped with 30% CI in mass (blue
solid lines) or nondoped (blue dotted
lines). The corresponding simulated den-
sity proPles are also plotted (green
dashed lines). The gray background
zones identify the zones containing ClI
doping.

targets have a CH core and a polyimide shell of almost idenlaser-on-target energy of 4 456 5PJ as for the x-ray ra-
tical initial densities and that there is no Cl doping in the diography. A good agreement is found (cf. Fit4 from
shell. The gray background zones identify the extent of theRef. 37) meaning that hydrodynamic simulations are reli-
CH core, i.e., the zones including the ClI doping. One carable for this energy. However, it is important to notice that
notice the dopant Cl atoms improve the contrast ratioprotons are subject to scattering and energy loss in the tar-
between the typical core and shell transmissions. The pemet. In the plasmas analyzed here, this effect may strongly
centage of Cl doping was bxed to 30%-mass to guaranteedegrade the spatial resolution of the diagnostic and, there-
good transmission  contrast (theoretical contrastfore, it should be taken into account in the simulations and
Ch Tmac=Tmin  80) between the core and the imploding experiments.
shell. Experimentally the obtained contr&t,, was only 2,
partly d_ue to the presence of a.background noise covering, v oo~ SVNAMIC EVOLUTION OF THE TARGETS
the radiography. When comparing to the density probles
(dashed green lines) for times around the target stagnation, Good agreement between the results from hydrodynamic
the compressed zone diameter is considerably smaller thasimulations and the experimental measurements reported in
the CH core size (corresponding to the doped zone size): &revious section (cf. Figd, and Fig.14 from Ref. 37) pro-
s ¥4 2:5ns [Fig.5(a)] the compressed zone radius i20l m  vides conbdence in the capacity of the hydrodynamic code
(HWHM) and the radius deduced from the x-ray transmis-to estimate the target density and temperature at any time of
sion proble is 501 m. For times before and after the stagna-compression.
tion the difference is much smaller,51 m (HWHM), as it is Figure 6 shows the mesh Row-) diagrams given by
shown in Fig.5(b) for s ¥4 3 ns. These differences, that are the hydrodynamic simulations for 4 48J of laser energy
important for 12ns< s< 3ns (see also Fig4), can be on target. The red curves represent the boundary between
explained by the heated plasma expansion: It is indeed onlthe core and the shell. Fay, Y2 0:1 g:cm3 [Fig. 6(a)], the
at s¥%1:2ns (i.e., at the end of the laser pulse) that the rarcore radius is 15l m at the stagnation and is equal to
efaction front reaches the CH core producing important den50l m for 1 g=em?® targets [Fig.6(c)]. The corresponding
sity inhomogeneities in the Cl-doped zone, which makes theemporal evolution of the core density and temperature aver-
transmission probles signibcantly different from the densityaged over the entire CH core is shown in Fig$d)B5(f).
probles. After stagnation, the shock rebounds and tends fbhe peak mean density and peak mean temperature are
homogenize the density. The density plateau thus generateathieved at the stagnation time$41:9, 2.15, and 2.5 ns,
becomes increasingly broad (but less dense) and ends up, raspectively forg, ¥ 0:1, 0.3, and 1 gcm?® targets. These
s 3 3:5ns,inincluding all the CH plasma, i.e., the entire are coincident with the minimum core radius in thes] dia-
Cl-doped area. In fact, without CI doping one could hope tograms. These values fairly agree with the experimental
measure the real size of the compressed zone only at timessults deduced, respectively, from proton radiography of
close to the maximum compression. But in this case the limgg ¥ 0:1 g=cm3 targets and from x-ray radiography of 1
ited transmission contrastC{ 2:3) would induce large g=cm® targets. The mean temperature and density decrease
measurement uncertainties. The use of the doping allows fawith g, for all the three targets. Therefore, compression is
measuring the size of the CH core with a good accuracy fomore efbcient in the case of the 0.fagn® target where the
anys and can be easily linked to hydrodynamic simulationsmean peak density at stagnation is 40 times greater than the
via x-ray transmission proble calculations. initial density. This has to be compared to those obtained for
The results about the proton radiography of 0O=tmg® 0.3 g=cm® and 1 gem?® targets where the achieved compres-
targets are reported by Volpet al®>’ The experimental sion are only 13 and 3 times, respectively. In return, the
results are, in this case, compared to hydrodynamic simulastagnation is longer for denser targets: It las&3, 0:5;
tions coupled to MonteBCarlo simulations assuming and 1:5ns, forg, % 0:1, 0.3, and 1 gcm®, respectively.
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FIG. 6. (Color online) Hydrodynamic simulations mesh Row diagrams fogg&y 0:1 g=cm3, (b) 0.3 geem®, and (c) 1 gem® targets assuming 4 48J of

laser energy: The red curves represent the limit between the core and the shell. The plots below are the respective simulated temporal evel@idns of th
core density (blue solid lines) and temperature (red dotted lines), averaged over the entire CH core material for plots (d)D(f), and takemnatie center

for plots (g)D(i).

The CH core density and temperature at a radius lo5  ture) increases (decreases) with the core initial dercgjty
representative of the targets center, are shown in panels (gE3 expected.

(). Here the local density and temperature maxima antici-  The detailed 2D density and temperature maps obtained
pate the respective stagnation times, as they correspond for (a) 0.1 genm®, (b) 0.3 gem®, and (c) 1 gem® targets at
the moment when the compressing shock reaches the centieir respective stagnation times are shown in FigThe
(i,e., 1.6, 1.7, and 2 ns for, respectively, 0.1, 0.3, andgraphs below the 2D plots represent the corresponding den-
1 g=cm® targets). The temperature at the center can be corsity and temperature probles along with the cuts af ¥6.,
siderably high, but this corresponds to a very small volumehe direction of the probing proton or x-ray beams, and also
of matter. A second bounce is appreciable in the curves foat 0, i.e., along one of the LP laser beams. Differences
0o ¥40:1 and 0.3 gcm?® targets [Figs6(g) and 6(h)]. It is between the two probles are mostly appreciable for
due to the shell inertia that is pushing the foam core. After agg ¥4 0:1 g:cm3 [Figs. 7(a), 7(d), and 7(g)], where the 2D
prst shock convergence, the shell itself reaches the centeensity and temperature cloverleaf patterns are imprints of
producing a second rise in the density and temperature. Ithe nonisotropic laser irradiation. This is due to the difference
the case ofy, 1/4lg:cm3, the initial core and shell density between the initial densities of the foam and the shell. For
being equal, the core is compressed only by the convergenag, ¥4 0:3 g=cm3 this effect is much less visible [Figs.(b),

of a shock wave. The maximum central density (tempera“(e), and7(h)] and practically nonexistent fay, % 1g=cm3,
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FIG. 7. (Color online) Simulated density and temperature maps of (aF@rhy (b) 0.3 geen®, and (c) 1 gem® targets for 4 48J laser energy at the respec-
tive stagnation times 1.9, 2.15, and 2.5 ns. The plots below represent the respective density (blue solid line) and temperature (red dotted line) probles: Plots
(d)B(f) correspond to lineouts of the 2D maps at 48., the probing direction, and (g)b(i) atiCe., one of LP laser beams axis.

where the compression is almost isotropic [Figée), 7(f),  with g Sg=cm3, its thickness is reduced to a &n thick
and7(i)]. layer.

The qp % 0:1 g:cm3 target exhibits a 151 m radius In the caseqq 1/z;lg:cm3, the compression is even less
region containing a rather low density and high temperaturefbcient. As the core and the shell have the same initial den-
plasma [Fig.7(a)] issued from the CH core. Here the temper- sity, the compression is processed differently: In the two previ-
ature decreases with radius from 120 eV at the center to 80us cases the shell is RBying and pushing the foam core, in the
eV and the density increases from 2 to%m>. This region  present case the core is compressed only by the convergence
is surrounded by a 5| m-thick denserqd 11 g=cm3) and of a shock wave. One cannot distinguish between plasma
colder T 30eV) layer, corresponding to the imploded regions resulting from the core and the shell. One can see a
shell. In the outer region appears a rarefaction plasmaighly compressed region of20l m radius with temperature
extended over a few 10 m and then the underdense, hot decreasing with radius from 40 to 25 eV and density increas-
coronal plasma where the temperature rises considerabing from 5 to 9 geem?®, followed by the rarefaction plasma.
from a radius 30l m. The described CH plasmas obtained at stagnation are

In the caseqy %2 0:3 g=cm3, as the foam is denser, the represented in an electron densitybtemperature diagiam (
compression is less efbcient. The plasma resulting from th&,) in Fig. 8(a) They correspond to different plasma states
CH core is larger, extended up to a25| m radius. Both  which one can identify to the zones of the diagram separated
core and shell are less compressed than in the previous cad®y. the curveC ¥4 1=Np ¥4 1, C representing the plasma cou-
The plasma probles in the core are less steep, the tempernaling parameter and\p. the number of electrons in the
ture decreases with radius from 65 to 40 eV, and the densitipebye sphere, and by the curize=T.%1 where the Fermi
increases from 2.5 to 4.5-gm>. The shell density is smaller energy Er divided by the temperature is the quantum
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FIG. 8. (Color online) (a) Diagramn{, Te) showing the three different plasma zones obtained at the central region of the cylindrical targets at stagnation
according to initial density, of the CH core. For comparison are plotted the points representing the required conditions for the compressed DT fuel in the
HIPER design for Fl. The solid line corresponds to the coupling paran@terl and the dashed line to the quantum degeneracy parametér 1. (b)

Density (dashed blue line) and temperature (solid green line) in the baseline HIPER target at the moment of s&ignktiéa ns (Refs3 and37). The gray

zone (also indicated by the arrow on the top) corresponds tajti§ (ange achieved in our cylindrical compression experiment.

degeneracy parameter: The resulting compressed plasmasly by the plasma radial inhomogeneities inside the CH
are kinetic, coupled or coupled and degenerated, respecore but also, and probably in a more important way for the
tively, for gy ¥20:1, 0.3, and 1 gem® targets. go ¥ 0:1and 0.3 gem® targets at stagnation, by the presence
In the context of FI studies, these three targets were usedf the denser and colder imploding shell, with sharp temper-
in a second phase of the experiment to study the fast electraature and density gradients at both interior and exterior shell
transport in compressed matféThe fast electrons were gen- surfaces perpendicular to the electron propagation direction.
erated by the interaction of an intense laser pulse (SP) at nor- Besides, the structure of thargiets is changing with time,
mal incidence into the Ni foil at one of the cylinder so according to the SP beam delay relative to the LP begms (
extremities (see Figl) and propagated along the cylinder the fast electrons will cross the targets of varying areal density
axis. The electron transport was studied in the warm andjL, with L the length of the cylinders. They are injected close
dense plasmas described above. The fast electrons wet@ the cylinder axis (within a pointing precision 6f101 m)
injected at different stages of the compression by varying thend, therefore, will cross aland noncompressed material for
delay between the LP and SP laser beams. It is important tearly times and warm and compressed material for times closer
discuss here how the obtained plasmas are suited to fast eldo-the respective stagnation time: One can see in B{g3E6(i)
tron transport studies in the FI scenario. For comparison we¢hat the center of the cylinders is still on its initial state for
plotted in the e, To) diagram of Fig.8(a) two points corre- s< 1:6,<1:7, and<2ns for, respectively, thg, ¥4 0:1, 0.3,
sponding to the DT plasmas at stagnation obtained in a simwand 1 gccm?® cases. This implies that the central zone crossed
lated implosion of a HIPER baseline targef The orange by the electrons is highly resistive at early times and becomes a
circle corresponds to the 20n radius core issued from the conducting plasma behind the convergent shock at later times.
DT gas contained in the capsule and the gray circle to thé\t any time there will be radiakesistivity gradients at the
imploded cryogenic DT shell. The plasma density and tempershock front (before stagnation) and at the target borders. These
ature ranges achieved in our experiment are far from those a&gions are converging with time and are likely to inBuence
the compressed DT designed for Fl, but yet we produced plagast electron trajectories, as soon as those gradients appear at
mas with equivalent coupling and degeneracy parameterslistances comparable to the fast electron beam radius.
Besides, as one can see in RB¢b), the @, T) range achieved The results of the fast electron transport and its interpre-
at stagnation in our cylindrical compressions (the region withtation are beyond the scope of this paper and will be reported
gray background pointed by the top arrow) corresponds to & an upcoming paper.
region located in the rarefaction plasma between the critical
density (where fast electrons are generated) and the com-
pressed shell (where they are supposed to depose their ener%b CONCLUSION
to ignite the fuel), at a distance60 701 m from it. We report on the preparatory phase of an experiment on
We comment here the difference in the cylindrical im- fast electron transport in warm and dense plasmas. The
plosion of our targets and the spherical ignition designs. Ircylindrically imploded plastic targets were characterized by
our experiments the fast electrons cross dense plasma zonggasuring the target size during compression, by using two
having radii only slightly bigger than the electron source (15diagnostics: x-ray and proton radiography. The experimental
to 40l m HWHM). In this case, the radius of the compresseddata are well reproduced by hydrodynamic simulations
shell exterior surface is only 20n and the underdense and coupled to calculations of the proton or x-ray transmission
hot corona from the ablated material appears at a radBs  through the imploded targets. Both diagnostics have limita-
b 40 m. The fast electrons propagation will be affected nottions in spatial resolution. In the case of proton radiography
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as described by Volp¥, scattering and slowing down of pro- Scott, P. Norreys, A. Djaoui, C. Rousseaux, P. Fews, H. Bandulet, and H.
tons in the compressed target induce a reduction of spatig)”¢Pin-Phys. Rev. B82(5), R5927 (2000).

. . . K. Yasuike, M. H. Key, S. P. Hatchett, R. A. Snavely, and K. B. Wharton,
and temporal resolution. The resolution of the x-ray radiogra- gey. sci. Instrum72(1), 1236 (2001).

phy is better because it is not affected by scattering and als#J. J. Santos, F. Amiranoff, S. D. Baton, L. Gremillet, M. Koenig, E. Marti-
the chlorine atoms used as dopants in the target core improv@O”i, |\/| Rabec Le Gloahec, C. Rousseaux, D. Batani, A. Bernardinello,
the contrast between the imploded core and the shell. TakingC: Seison and T. HalPhys. Rev. Lett89, 025001 (2002).

. . . . R. B. Stephens, R. A. Snavely, Y. Aglitskiy, F. Amiranoff, C. Andersen, D.
into account the experimental resolution and using 2D hydro- gaani. s. D. Baton, T. Cowan, R. R. Freeman, T. Hall, S. P. Hatchédt, J.

dynamic simulations, it is possible to estimate the spatial and Hill, M. H. Key, J. A. King, J. A. Koch, M. Koenig, A. J. MacKinnon, K. L.
tempora' temperature and density evo'ution Of the |mp|0d|ng Lancaster, E. Martinolli, P. Norreys, E. PereIIi-Cippo, M. Rabec Le Gloahec,

: - . Rousseaux, J. J. Santos, and F. SciaRitlys. Rev. B9, 066414 (2004).
targets. Several target conbgurations Were.obtalned to test thug Martinolli, M. Koenig. S. D. Baton, J. J. Santos, F. Amiranoff,
fast electron transpoff. The values of density and tempera- p Batani, E. Perelli-Cippo, F. Scianitti, L. Gremillet, R. M&lizzi, A. Deco-

ture obtained at stagnation are representative of the plasmaster, C. Rousseaux, T. A. Hall, M. H. Key, R. Snavely, A. J. MacKinnon,
domains encountered in FI compressed tarfgétat 2000 m R. R. Freeman, J. A. King, R. Stephens, D. Neely, and R. J. Clitkgs.

. . ) Rev. E73, 046402 (2006).
beyond the critical density surface, in the fast electron trans; 5 Santos, A. Debayle, Ph. Nicolaé, V. T. Tikhonchuk, M. Manclossi,

port region [see Figd(b)]. The plasma conditions created in  p. Batani, A. Guemnie-Tafo, J. Faure, V. Malka, and J. J. HonrRiigs.
this experiment allow for more detailed simulations of the Plasmad4, 103107 (2007).
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