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View-factor simulations are preseried of the spa-
tially varying radiation conditions inside double-ended
gold hohlraums and single-endedgold hohlraums (\half-
raums") used in inertial con nement fusion (ICF) and
high energy density physics experiments [J. Lindl, Phys.
Plasmas11, 339 (2004); M. D. Rosen,Phys. Plasmas3,
1803 (1996)]. It is shown that in many circumstances,
the common assumption that the hohlraum \driv e" can
be characterized by a single temperature is too simplis-
tic. Speci cally, the radiation conditions seenby an ex-
perimental package can di®er signi cantly from the wall
reemissionmeasuredthrough diagnostic holesor laseren-
trance holes (LEHs) by absolutely calibrated detectors.
Furthermore, evenin situations wherethe radiation tem-
perature is roughly the samefor diagnostics and exper-
imental padkages,or for packagesat di®erert locations,
the spectral energy distributions can vary signi cantly,
due to the di®ering fractions of reemitting wall, laser
hot spots, and LEHs seenfrom di®erert locations. We
“nd that the spatial variation of temperature, and espe-
cially the di®erencedbetweenwhat diagnosticslooking in
the LEH measurevs. the radiation temperature on wall-
mounted experimental packages,are generally greater for
double-endedhohlraumsthan for halfraums. View-factor
simulations canalsobe usedto explore experimental vari-
ables (halfraum length and geometry, sample position,
and beam pointing) that can be adjusted in order to, for
example, maximize the radiation °ux onto a sample, or
other padkage. In this vein, simulations of hohlraums and
halfraums with LEH shieldsare also presened.

I.  INTR ODUCTION

Optimizing the time- and wavelength-dependert
hohlraum radiation drive onto a fuel capsuleis a key com-
ponert in achieving ignition in inertial con nement fusion
(ICF) experimernts [1, 2]. Although much experimental
and theoretical e®ort has beenexpendedin understand-
ing the x-ray drive characteristics of hohlraums and opti-
mizing the drive symmetry onto the capsule,there have
beenfew studies of the spatial variation of the radiation
“eld conditions within hohlraums, and especially within
halfraums. The x-ray spectrum incident on a surfacein
a hohlraum or halfraum, whether part of the wall, a fuel

capsule, or some other object within the cylinder, will
vary with location and orientation of the surfaceaccord-
ing to the relative view factors of wall reemission,laser
hot spots, and cold laser entrance holes (LEHs) and di-
agnostic holes. Detailed view-factor modeling can play
an important role in answering questionsabout this vari-
ation, and can be usedto interpret diagnosticsand plan
experimerts.

In this paper we will present view-factor models of
hohlraums and halfraums, investigating the spatial vari-
ations of the radiation eld (both overall intensity and
spectral energydistribution), and the e®ectsof halfraum
sizeand geometry and of beam pointing. One conclusion
from this modeling is that caremust be takenin inferring
the drive onto an experimental padkagefrom a measure-
ment of wall reemissionfrom a particular direction when
using an absolutely calibrated detector, such as DANTE
[3]. A more generalconclusionis that view-factor simula-
tions are a valuable tool for optimizing the performance
of hohlraum experiments and in interpreting diagnostic
measuremets.

By their nature, view-factor simulations do not ac-
court directly for hydrodynamics, laser-plasmainterac-
tions, or detailed atomic physics. View-factor calcula-
tions are basedon power balance among energy source
terms, radiation losses(absorption), and reemission(re-
°ection). On the other hand, view-factor simulations pro-
vide areasonablerepreseniation of the radiation "eld dis-
tribution throughout a 3-D grid of surfaces,and do soat
a small fraction of the CPU costs of multi-dimensional
radiation-hydrodynamics codes. View-factor codes can
be usede®ectiwely in estimating hohlraum radiation tem-
peratures and predicting the radiation symmetry on ICF
capsules. The simulations we present here are relevant
to all but the latest times of laser hohlraum experiments
when on-axis stagnation of gold plasma cortributes sig-
ni cantly to the radiation properties of a hohlraum and
the assaiated interpretation of diagnostics.

We will critically examinethe standard analytic treat-
ment of hohlraum energy balance, in which the radia-
tion properties of a hohlraum are described by a sin-
gle \hohlraum radiation temperature." And although
the emission from ead computational surface elemert
in our view-factor simulations is taken to be Planckian,



the °ux incident on any given surfacein a simulation
(whether wall, target, or diagnostic) can be distinctly
non-Planckian. We will shov exampleswhere deviations
from a blackbody spectrum are non-trivial. We begin
by bendhmarking DANTE measuremets of a hohlraum
experimert [4] on OMEGA [5]. Wethen shaw that exper-
imental padkagescan be subject to radiation conditions
that are quite di®eren than those seenby DANTE, even
when that diagnostic is usedon an optimal LEH-viewing
line of sight.

The focus of this study will be on e®ectiely empty
hohlraums and halfraums. Howewer, we do investigate
how the radiation conditions changewith the presenceof
a capsulein Sec.lll. In Sec.lV we explore the funda-
mental di®erencedetweenhohlraums and halfraums, in
terms of both DANTE measuremets and the radiation
onto an experimental padkage. (Note that we use the
terms \sample" and \package" interchangeably in this
paper.) In Sec.V we show how variations in the beam
pointing and LEH sizea®ectthe radiation conditions and
DANTE measuremets. In Sec.VIl we explore the e®ects
of halfraum length and the presenceof foils and shields.

Il. SPATIAL DEPENDENCE OF THE
RADIA TION DRIVE IN A HOHLRA UM

We “rst present the results of simulations of a set of
OMEGA experiments reported on by Deder et al. [4].
In these experimernts, the hohlraum temperature was in-
ferred by measuring the absolute °ux emitted from a
portion of the hohlraum wall. Ten 42 degree OMEGA
beams (Cone 2) and twenty 59 degree OMEGA beams
(Cone 3), having an energy of 500 J eat and with 1 ns
square pro les, illuminated a standard (2300* m length
by 16001 m diameter) gold hohlraum, with three-quarter
(or 1200t m diameter) LEHs. Three-quarter LEHs are
usedin all the models we present in this paper, unless
otherwise noted. The beam pointing in these experi-
ments and in our modeling was such that all 15 beams
on ead side of the hohlraum made a single ring of hot
spots, certered 4801 m from the LEH plane. The beams
were all focusedat the pointing spot, wherethey crossed
the long hohlraum axis (at the LEH plane for the Cone 3
beamsand 400! m outside of the hohlraum for the Cone
2 beams).

One purpose of the Dedker et al. experimental cam-
paign wasto shaow that the absolutely calibrated x-ray de-
tector, DANTE, givesa better indication of the hohlraum
radiation conditions seenby a capsulewhenit views the
wall reemissionthrough the LEH, rather than through a
diagnostic hole at the midplane. The hohlraumsin these
experimernts were on the P5-P8 axis of the OMEGA tar-
get chamber, sothat the DANTE viewing anglewas 37.4
degreeswith respect to the hohlraum axis (seeFig. 1 for
a model of the hohlraum target, including the DANTE
view of this con guration).

We performed a seriesof simulations of thesehohlraum

FIG. 1: Hohlraum imagesgenerated with the VISRAD view-
factor code, relevant to the experiments discussedin reference
[4]. The top panel shows the OMEGA beam pointing into
the hohlraum cylinder seenside-on. Note that the Cone 2
beams on ead side are pulled back so that the beamsfrom
both conesmake a single ring on eac side of the hohlraum.
The middle panel shows the sametarget model, but from the
position of the DANTE diagnostic. The lower panel shows the
DANTE view again, but with the beamshidden, and with the
wall temperature at t = 1:0 ns displayed as a color map (the
dynamic range in this, and all other, temperature color maps
shown in the paper is 140 eV to 220 eV). Note the ring of
laser hot spots on eadt side of the hohlraum. Note also in
all of theseimageshow structures in the model seenfrom the
back, or outside, are rendered astransparent meshto allow for
an unobstructed view of the interior of the hohlraum. This
convertion will be used throughout the paper. Finally, we
point out that the \front,” DANTE-facing, LEH is in the
upper right in this, and all similar "gures throughout the
paper, and the inner and outer edgesof the front LEH lip are
highlighted in white.



source element

0

surface element

FIG. 2: Schematic of the view-factor calculation for an arbi-
trary geometry. The °ux from any source elemert onto any
other surfaceelemert is proportional to the cosineof the angle
betweenthe line of cernters of the two elemerts and the surface
normal of the source elemert (becausethe source elemert is
assumedto be a Lambertian emitter) and also to the cosine
of the line of cernters and the normal of the surface element
(accounting for the projected cross section of the surface ele-
ment as seenby the source). The line of centers is indicated
by the dashedline while the two surfacenormals are indicated
by arrows.

experiments on OMEGA using the VISRAD 3-D view-
factor code (v3.1) [6]. VISRAD computesthe spatially-
dependert radiation °ux about a 3-D grid of surfaceel-
emens using a steady-state power balance model and
material-dependert re°ection fractions (albedos). Each
surface elemen is treated as a spatially thin, optically
thick Lambertian sourcewith a Planckian frequency de-
pendence. Thus, the (hon-Planckian) spectrum incident
on a given surface elemer is composedof contributions
from multiple Planckian sources.Thesecortributions to
the radiation °ux incident on ead surface elemen are
summed for ead surface elemen over all other source
elemerns, accouning for the solid angle of the source
as seenfrom the sample, as well as the incident an-
gle of the source radiation onto the sample. SeeFig.
2 for a schematic shaving these geometrical considera-
tions. Note that the Lambertian °ux on the sampleis
proportional to cospcosA.

Laser beam energy deposition is computed using re-
alistic space-and time-proles for the beams(including
the f =6:7 beam e®ectiwe focal ratio of OMEGA), in con-
junction with 3-D ray-trace algorithms for determining
beam-target intersections. The 3-D ray-trace algorithm,
in which eadh laserbeamis sub-divided into a large num-
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ber of \b eamlets," is usedto determine which surfaceel-
emernts are hit by a given portion of a laserbeam. While

VISRAD also computes the specular re°ection of laser
light o®surfaces(glint), laserre’ectivities for all surfaces
were assumedto be zero for the simulations described
here. The target componerts in the calculation are mod-

eled as a discretized grid of surfaceelemens. The time-

dependert albedo and x-ray cornversion exciency (XCE)

areinput parameters. In the simulations discussedelow,

the albedo, which is assumedto be spatially uniform, is
basedon 1-D radiation-hydrodynamics simulations of a
gold foil exposedto a radiation drive consistert with that

in the OMEGA experimerts.

We note that the view-factor modeling ignores hydro-
dynamic motion of the hohlraum walls, as well as non-
equilibrium e®ects,nternal energystored in the walls by
the radiativ e heating of the object elemerts, and detailed
opacities and emissivities for the hohlraum. This mod-
eling also neglectsthe e®ectof temperature gradients in
the hohlraum walls, which canleadto a viewing-anglede-
pendenceof emissiontemperature. We stressthat view-
factor codes play a complemenary role to atomic and
hydrodynamics codes. Our goal here is not to calculate
wall motion nor the detailed atomic physics and asso-
ciated line spectra. Howewer, the view-factor modeling
accourts for the spatial variation of the radiation condi-
tions, and to some extent, the generally non-Plandckian
spectra in hohlraum ernvironments (via the summation
over numerous blackbody surface elemens of di®eren
temperatures). The time variations of the hohlraum ra-
diation propertiesin a VISRAD simulation are computed
by making a seriesof steady-state calculations, ead us-
ing appropriate beam powers, x-ray corversion excien-
cies,and albedos.

To model the OMEGA experiments described above,
we calculated the radiation onto a surface at the posi-
tion of the DANTE diagnostic every 100 ps, using the
beam and hohlraum properties described at the begin-
ning of this section. We assumedperfect square pulses
with exactly 1:0 ns duration and 500J total energy per
beam. We incorporated a simple model of the laserx-ray
corversion exciency, with a linear ramp up to a value
of 0.55at 200 ps, and a constart value thereafter. Here,
the x-ray corversion exciency refers to the fraction of
incident laser power that is corverted to x-ray radiation.
The remainder of this energyis converted into kinetic or
internal energy or can be lost to the system via laser
scattering. In our view-factor calculations, the partition-
ing of this non-radiative energyis not modeled. We note
that the actual value of the XCE doesnot a®ectthe spa-
tial variation of the temperature at all. The product of
XCE and laserpower is the relevant quartit y, soa change
in the XCE is no di®erert than a corresponding change
in the laser power, e®ectiely scalingthe temperature up
or down, in a spatially uniform way.

For the gold albedo, we usethe results of a 1-D, time-
dependert hydrodynamics simulation of x-ray deposition
onto an in nite gold slab [7]. We use a detailed opacity



model for the gold, and monitor the reemissionof x-rays
by the irradiated gold slab. The albedois simply the ra-
tio of the reemitted to incident x-ray °ux. The albedo
value peaksat 0.73 at 1 ns, for a constart power laser
pulse, generating a rising x-ray drive, reaching approxi-
mately 190eV. We assumethat the time-dependent gold
albedo is spatially uniform. Detailed radiation di®usion
calculations show that this approximation is acceptable,
especially for square laser pulses and at late times [§],
which are most relevant to the simulations we presert
here.

In Fig. 3 we shawv the assumedXCE and calculated
albedo along with the modeled DANTE temperatures
and the DANTE data obtained by Dedker et al. [4]. Note
that our modeling reproducesthe obsened DANTE data
at all times well within the 6% error bars on the data.
These simulations do not include a capsule,in order to
facilitate comparisonsto an equivalent halfraum. In the
next sectionwe show that the presenceof a capsulesim-
ply lowersthe calculated radiation temperature and does
so quite uniformly, sothat there is e®ectiely a degener-
acy betweenthe presenceof a capsuleand an increasein
the XCE.

In Fig. 3 we also show the time-dependert incident
radiation temperature on the hohlraum wall at the mid-
plane, wherean experimental padkagemight be mounted.
It is signi cantly (» 15eV) lower than the DANTE tem-
perature. This is due to the lessfavorable view factor
of laser hot spots from the midplane wall compared to
DANTE, but mainly due to the cortribution from the
cold LEHSs. In various hohlraum experimerts, sometype
of sample, or other padage, is placed at the hohlraum
midplane, to exposeit to the radiation drive. Historically,
hohlraum radiation conditions have also beendiagnosed
from midplane wall reemission°ux [9{11], which is equal
to the midplane wall incident radiation multiplied by the
albedo. Clearly, hohlraum radiation diagnostic results
will vary depending on the location of the wall reemis-
sion they sample. Thus, while DANTE measuremets
through the LEH provide valuable data on the hohlraum
radiation characteristics, they do not provide a direct
measureof the radiation "eld seenby an experimental
padkage. The di®erencesetweenthe wall temperatures
seenby DANTE and the radiation drive temperatures
seenby a pad<agecan bﬂ » 7j 8%. This meansthat the
radiation °ux (Fraq = Fod® = %3, where %is the
Stefan-Boltzmann constart; note that \radiation temper-
ature," Tg, is de ned by this equation), and thereforethe
energyabsorbed by the experimental padkage,can be dif-
ferert by » 30j 35%comparedto what would be inferred
using the DANTE measuremen directly.

It is useful to compare these detailed calculations to
the simpler, and more traditional, analytic power bal-
ancetreatment. Weuse P. = Pryg = (1§ ®)Awa +
ALe n)¥TS (see,for example, egn. 1 in ref. [9]), where
P, is the laser power, “ is the XCE, P,4q is the x-ray
power, Awa and A g y are the areas of the wall and
LEH, respectively, and ® is the albedo. Using a value
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FIG. 3: The top panel shows the assumedx-ray conversion ef-
“ciency (dashed line) and calculated albedo (solid line), used
asinputs to the view-factor simulations, the results of which
are shown in the lower panel. In the lower panel, the Tled

squareswith error bars arethe DANTE temperature measure-
ments from ref. [4] while the open squaresare the simulated
DANTE temperatures from the view-factor calculations. The
circles are the simulated radiation temperatures at the mid-

plane wall of the hohlraum.

of © = 0:55 for the XCE, we nd at t = 1:0 ns when
the albedois ® = 0:73, a value of TR = 192 eV for the
\hohlraum radiation temperature." This, as expected,
is somewhatlessthan the DANTE temperature, both in
our modeling (202 eV) and in the experiments (201 eV),
sinceDANTE, unlikeany point inside the hohlraum, does
not seeany of the cold LEH regions. It is very closeto
the radiation temperature on the sample (191 eV, for a
wall-facing sampleat the certer of the hohlraum, 190eV
for an LEH-facing sample,and 188eV for a wall-mounted



FIG. 4: The simulated DANTE spectrum (solid black) along
with the equivalent blackbody spectrum (dashed black) for
t = 1:0 nsin the VISRAD hohlraum simulation and the sim-
ulated spectrum incident on the hohlraum wall at the mid-
plane (solid gray) along with its equivalent blackbody spec-
trum (dashedgray) from the samesimulation time. Note that
the radiation temperatures are 202 eV for DANTE and 188
eV for the midplane wall.

sample), as expected. Note that increasingthe XCE to
" = 0:69 gives an analytic hohlraum temperature that
agreeswith the DANTE temperature at t = 1:0 ns. This
higher value of the XCE is in better agreemen with the
valuesthat are usually assumed[9].

It is interesting also to compare the spectral energy
distribution of the radiation incident on the midplane
to that measuredby DANTE. In Fig. 4 we show the
simulated DANTE spectrum at t = 1:0 ns along with
that incident on the midplane hohlraum wall. For refer-
ence,we alsoshaw the equivalent blackbody spectra (the
Planckian spectra having the sameintegrated power, or
radiation temperature, asthe calculated spectra). Note
that both spectra are harder than the equivalent black-
body spectra, and that this e®ectis somewhat stronger
for the midplane, wherethe signi cant view factor of cold
LEHSs leadsto a decit of low-energy photons.

Of course, the di®erences between the DANTE
(through the LEH) and midplane radiation conditions
will depend on beam pointing. In general, the farther
in the pointing, the stronger the radiation will be at the
hohlraum midplane. This is due both to the hot spots
being closer to the midplane and to less radiation es-
caping out the LEHs. The situation for the DANTE
looking in the LEH is more complicated, and depends
on the relative fraction of the sky occupied by laser hot
spots, as seenfrom DANTE's position. To investigate
this, we performed two additional simulations, identical
to the onepresened above, exceptfor the beampointing.

FIG. 5: The DANTE views of the hohlraum in the two cases
with di®erert beam pointings (top two panels). As in the
bottom panel of Fig. 1, we show a color map of emissiontem-
perature at t = 1:0 ns, and hide the beamsfor clarity. The
color scalespans140eV to 220eV. The lower panel shows the
trends of DANTE temperature (squares) and midplane tem-
perature (circles) asthe beam pointing is changed. The TTled

symbols represent simulation time t = 1.0 ns (XCE = 0:55
and albedo = 0:73) and the open symbols represert simula-
tion time t = 100 ps (XCE = 0:28 and albedo = 0:18). The
original model, used to reproduce the experiments reported

onin [4], hasa mean laser spot position 4801 m from the LEH

plane. The rst variation (620! m) is shown in the top panel
and the second variation (820 * m) is shown in the middle

panel. We note that in this last case,the Cone 2 beamsfrom

either side of the hohlraum hit the wall almost exactly at the
midplane, creating a single, combined ring of hot spots.



In the “rst variation, the ten Cone 2 beamsare pointed
400 * m farther into the hohlraum, giving a mean laser
spot position 6201 m from the LEH plane (we refer to
this pointing as\nominal" throughout this paper). Like
the Cone 3 beams,they are pointed at the certer of the
LEH, which createsa secondring of v e hot spots on
either side of the hohlraum, closerto the midplane than
the single ring in the initial simulations, which have a
mean spot position 4801 m from the LEH plane. In the
secondvariation, all 30 beamsare pointed an additional
200t m farther into the hohlraum, giving a mean spot
position of 8201 m from the LEH plane.

In Fig. 5we show the results of this seriesof simulations
with varying beam pointings. The radiation drive tem-
perature onto the midplane wall does, in fact, increase
as the beam pointing movesfarther in the hohlraum to-
ward the midplane. The DANTE temperature increases
almost asmuch, but for a di®erert reason,asthe pointing
moves inward and henceout of the partial occlusion of
the lip. As in the original simulations, these hohlraums'
LEHs have 75% the hohlraum diameter, and thus have
annular lips. The lip certainly can a®ectthe DANTE
view of hot spots and wall reemission,which we explore
in the context of halfraumsin Sec.V. In closing, we note
that the trends shown hereare very similar when we look
at earlier times, where both the albedoand the XCE are
lower than they are at 1 ns. The only notable di®erence
is a greater similarity betweenthe DANTE and sample
temperatures for the deepest pointing at early times, as
can be seenin the lower panel of Fig. 5.

I1l. EFFECTS OF A CAPSULE

A spherical fuel capsulelocated at the certer of the
hohlraum acts asanother sink of photons (due to the rel-
atively low albedo of the plastic capsule)and will lower
the hohlraum temperature accordingly. To explore the
nature and magnitude of this e®ect,we repeated the an-
alytic hohlraum radiation temperature calculation with
a 520 * m diameter spherical capsulein the hohlraum,
and then we repeated two of the view-factor simulations
discussedabove, but with a capsule. We assumeda cap-
sulealbedo of ® = 0:3 independert of time [12], and also
assumedthat the capsulesizeremainedconstart over the
1:0 ns duration of the simulation.

The hohlraum temperature calculation discussedin
the previous section was modi ed to include the area
of the capsule: "P. = Pragg = (1i ®Awan + Algn +
1 ®Cap)Acap)%Té. To calculate the hohlraum radia-
tion temperature at t = 1:0 ns, we used~ = 0:55 for
the XCE and ® = 0:73, as we did previously, while the
capsulealbedo was assigneda value of ®, = 0:3. For
these values, we 'nd that the capsule'spresencelowers
the hohlraum radiation temperature by 4 eV to Tg = 188
eVatt= 1:0ns.

We repeated two of the numerical view-factor simula-
tions: one with the \single ring" pointing used in the

FIG. 6: VISRAD simulations of hohlraums with fuel capsules.
The capsulesare centered in the hohlraums and have a diam-
eter of 5201 m and an albedoof ® = 0:3. The top panel shovs
the \single ring" pointing (compare to the bottom panel in
Fig. 1) while the bottom panel shows the \nominal" pointing
(compare to the top panel in Fig. 5) in which two rings are
formed by pointing both the Cone 2 and Cone 3 beamsat the
LEH certer.

Dedker et al. experiments (corresponding to Fig. 1) and
the other with the \nominal" pointing in which all the
beamsare pointed at the middle of the LEH (correspond-
ing to the upper panel of Fig. 5). In Fig. 6 we show the
results of these two new simulations, which do, indeed,
show lower radiation temperaturesthan the correspond-
ing simulations without capsules.

In Fig. 7 we compare the time-dependert radiation
temperature from ead simulation. At t = 1:0 ns, the
DANTE temperature is 4 eV lower with the capsulein
the caseof the \nominal" pointing (202 eV vs. 206 eV)
and 6 eV lower for the \single ring" pointing (196 eV
vs. 202 eV), in good agreemem with the analytic power
balance calculation. The sample temperature drop is 7
eV in the caseof the \nominal" pointing (186 eV vs. 193
eV) att = 1:.0nsand 6 eV lower in the caseof the \single
ring" pointing (182 eV vs. 188 eV). The slightly larger
temperature decreaseslue to the presenceof the capsule
in the caseof the wall-mounted samplesarisesfrom the
large view factor of the capsuleas seenby the sample,
which is mounted at the midplane wall, and thus is quite
closeto the capsule. In the caseof the nominal point-



FIG. 7: Calculated radiation temperature vs. time for the
VISRAD simulations shown in Fig. 6. The top panel is for
the \single ring" pointing while the bottom panel is for the
\nominal" pointing. In eac panel, we show the DANTE tem-
perature for the empty (i.e. no capsule) hohlraum as a solid
line and for the hohlraum containing a capsule as a dashed
line. The radiation temperature seenby a wall-mounted sam-
ple at the midplane is denoted by a dotted line for the empty
hohlraum and by a dash-dot line for the hohlraum with a
capsule.

ing in which the capsule'spresencehas a bigger e®ecton
the sample temperature, the capsule'sblocking of some
of the laser hot spots as seenfrom the sample'sposition
plays a role too.

We can also seein Fig. 7 that the e®ectof the cap-
sule on the calculated radiation temperatures is lessex-
treme at earlier times, when the capsulealbedo and the
hohlraum wall albedo have more similar values. But
other than thesesmall di®erencesn the DANTE vs. sam-

ple radiation temperature and in the time dependenceof
the e®ectof the capsule,the capsule'se®ectis a uniform
lowering of the radiation temperature in the hohlraum
that corresponds to roughly 2.5 percert, or roughly 10
percent in radiation °ux. By increasing the cornverted
laser power by a corresponding 10 percent, the results of
the simulations without the capsuleare reproduced with
the capsule. This increasein power corresponds to in-
creasingthe XCE from 0.55to 0.60. Thus the results of
the view-factor simulations discussedn the remainder of
this paper are applicable to hohlraums with capsulesand
slightly higher XCEs, although in detail, the temporal,
spatial, and spectral dependencieswill be a®ectedby a
capsule. If a high degreeof accuracyis required in ana-
lyzing thesevariations, then detailed simulations should
be performed.

IV. EVOLUTION TO A HALFRA UM

Increasingly, indirect drive and related experiments
are performed in halfraums [13, 14], which are shorter
cylinders with only one LEH, sometimesreferred to as
half hohlraums, or single-endedhohlraums. Experimen-
tal padkagesin halfraums are often mounted on the end
of the cylinder, opposite the LEH. We might expect to
seesimilar e®ectsto those we demonstratedin the previ-
ous sections: spatial dependenceof the drive properties
within a halfraum (both in terms of overall power and
in terms of the spectral energydistribution) and, speci -
cally, di®erencedbetweenDANTE measuremets and the
radiation drive incident upon an experimental padage.

Because a halfraum is essetially just half of a
hohlraum, one expects its properties to not di®er ap-
preciably from those of a hohlraum. There are only half
as many beamsin a halfraum, but the LEH areais ex-
actly half of that in a hohlraum, and the wall area is
approximately half as large. One di®erencebetween a
hohlraum and a halfraum, for experiments with padkages
that are planar samples,is that a samplelocated at the
midplane of a hohlraum is typically mounted on the wall,
or barrel, of the hohlraum, facing the opposite wall. In a
halfraum, a planar padkageis typically on the badk end
of the halfraum, facing the LEH. Sothere is a di®erence
in the position and orientation of the sample,which will
a®ectthe relative view factors of hot spots and LEH, as
comparedto the caseof a planar samplemounted at the
midplane of a hohlraum. In order to investigate the ef-
fect of sample position and orientation, we rst repeated
our initial hohlraum simulations (without a capsuleand
with the simple \single ring" beam pointing sudc that
both Cone 2 and Cone 3 beamsmake a singlering of hot
spots 480t m from the LEH plane), but we located the
planar samplein the middle of the hohlraum, suspended
where a capsulewould be. We performed four such sim-
ulations, varying only the sample orientation from wall
facing to LEH facing. The results of these four simula-
tions are shown in Fig. 8.



FIG. 8: Radiation temperature as a function of sample orien-
tation for a planar samplelocated at the center of a hohlraum.
The angle plotted along the x-axis is the angle between the
sample normal and the hohlraum axis, so that 0 degreesis
LEH-facing, while 90 degreesis wall-facing. The lled sym-
bols are the results from t = 1:0 ns, while the open symbols
are from t = 100 ps. For comparison, the radiation tem-
peratures at these two times for a sample on the wall of the
hohlraum at the midplane (discussedin Sec.|l) are 188 eV
and 129 eV (denoted by Xs); nearly identical to the centrally
located, wall-facing (90 degree) results shown here. Finally,
we note that the DANTE temperatures for these two times
are 202 eV and 143 eV, respectively. In this, and all other
“gures showing temperature trends in the remainder of the
paper, the left-hand axis refersto the valuesat t = 1 ns (solid
symbols), while the right-hand axis refers to the values at
t = 100 ps (open symbols).

We 'nd that the radiation temperature onto a planar
sampleat the certer of the hohlraum is almost completely
independert of sample orientation at t = 1:0 ns, when
the albedois high (® = 0:73). It is also nearly identical
to the radiation temperature on a wall-mounted planar
sample at the midplane. This result is relevant for ex-
periments that, for example,investigate shock timing on
wall-mounted packagesand use the results to infer the
drive onto a capsule.

The variation amongthese v e cases(four at the cen-
ter of the hohlraum and one on the wall) is only 3 eV at
t = 1:0 ns, with no monotonic trend with orientation. In-
deed, this result simply re°ects the fact that cylindrical
hohlraums, and their assaiated laser heating schemes,
have been designedto generatea nearly uniform radia-
tion drive onto a fuel capsuleat their certers. The view
factors of hot spots and cold LEHs changein concertwith
ead other asthe sample orientation changes. Howewer,
although the radiation temperature is nearly independert
of sample orientation, the spectral energy distribution is

FIG. 9: Comparison of the spectrum incident on a sample at
the center of a hohlraum (at t = 1:0 ns) when it is oriented
toward the LEH (dashed line, 0 degreecasein the previous
“gure) vs. the spectrum when the sample is oriented toward
the hohlraum wall (solid line, 90 degreecasein the previous
“gure). The LEH-facing sample has a modestly harder spec-
trum, though the radiation temperature onto ead is nearly
identical (190 eV vs. 191 eV).

not. In Fig. 9 we compare the spectrum incident upon
a samplefacing the LEH with that incident on the same
samplefacing the hohlraum wall. The radiation temper-
atures in thesetwo casesare nearly identical (190 eV vs.
191 eV), but the LEH-facing sample has a signi cantly

harder spectrum than the wall-facing sample (> 25%
more °ux at 2 keV; and if the gold M-band were explic-
itly taken into account by the modeling, this di®erence
could be larger). This is becausethe LEH-facing sample
has more high-energy radiation incident upon it due to

its larger hot-spot view factor and lesslower-energywall

radiation due to its larger LEH view factor.

We also note, referring to Fig. 8, that there is a some-
what larger dependenceof radiation temperature on sam-
ple orientation at early times, when the albedo is lower
(® = 0:18 at t = 100 ps) than at late times. The ra-
diation temperature is 6 eV higher for the LEH-facing
sample than for the wall-facing sampleat t = 100 ps.
This is due to the fact that the wall-facing sample'sview
is dominated by a signi cantly cooler wall in alow-albedo
situation.

Finally, it has beennoticed that the DANTE temper-
ature more closely tracks the sample temperature in a
halfraum con guration than in a similar hohlraum con-
“guration [14]. Basedon the above analysis, we seethat
this is not due to the di®erencein the sample position or
orientation as one goesfrom a hohlraum to a halfraum.
The sample radiation temperature does not change sig-
ni cantly as the sample is moved from the midplane
hohlraum wall to the certer of the hohlraum and turned



FIG. 10: The DANTE view at t = 1:0 ns of a halfraum sim-
ulation, created by dividing the hohlraum shown in Fig. 1in
half with a gold disk. Note that from this viewing angle, some
of the laser hot spots on the far side of the hohlraum, caused
by beams entering the hohlraum through the far LEH, are
visible (in Fig. 1(c)), which is, of course, not the casewith
the dividing disk presert (as in this “gure).

to face the LEH. In order to ascertain what accourts
for the better agreemem betweenthe DANTE tempera-
ture and the sampletemperature in the halfraum (recall
that this di®erenceis about 15 eV in a hohlraum), we
constructed a model of a halfraum by simply taking our
hohlraum model having the samplein the certer of the
volume and facing the LEH, and inserting a gold disk at
the midplane, to e®ectiwely divide the hohlraum in half,
giving the resulting halfraum a length of 1150t m. The
DANTE view of the halfraum is shavn in Fig. 10, which
may be compared with the view of the corresponding
hohlraum in Fig. 1(c).

In the hohlraum case,the DANTE temperature is 202
eV and the sampletemperature is 190 eV (di®erenceof
28%in °ux). In the halfraum case the DANTE tempera-
ture is 193eV and the sampletemperature is 186eV (dif-
ferenceof 16%in °ux). All temperatures are quoted for
simulation time t = 1:0 ns. So, the presenceof the disk
that divides the hohlraum in half a®ectsthe DANTE-
measureddrive by about twice as much asit a®ectsthe
sample drive. By comparing Fig. 10 with Fig. 1(c) it is
clearthat the proportionally larger drop in DANTE tem-
perature in the halfraum caseis due to the fact that in a
hohlraum, DANTE seessomeof the laserhot spot emis-
sionfrom the far side of the hohlraum, which is causedby
the beamsentering through the far LEH. In the halfraum,
DANTE seesinstead wall reemissionfrom the far end

FIG. 11: Seriesof halfraum simulations in which the beam
pointing was varied. The images showv the DANTE view at
t = 1.0 ns. The top panel has the beam pointing pulled
back 150 * m from the nominal position, shown in Fig. 10.
Recall that \nominal" means that the Cone 3 beams cross
the halfraum axis at the LEH plane and the Cone 2 beams
crossthe axis 400* m outside the LEH. The middle panel has
the beam pointing 150t m farther into the halfraum than the
nominal case,and the bottom panel has the pointing 3001 m
farther in than the nominal case.

of the halfraum. In situations where low-angle beams,
which crossthe hohlraum midplane, are used, one sees
similar trends, with the only di®erencebeing that the
low-angle beams hitting the badk wall rather than the
side wall of the halfraum. Sud considerationsare rele-
vant to NIF [15] con gurations, where there are a signif-
icant number of mid-plane-crossinglow-angle beams.
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FIG. 12: The radiation temperature on a sample mounted
on the end of a halfraum (circles) and measuredby DANTE
(squares) for the four di®erert beam pointings shown in Fig.
10 and Fig. 11 at two di®erert simulation times: t = 1:0 ns
(Tled symbols; left-hand axis) and t = 100 ps (open symbols;
right-hand axis). The mean laser spot position is measured
with with respect to the LEH plane, so deeper pointings are
further right.

V. BEAM
HALFRA UM

POINTING WITHIN A

One straightforward way to try to cortrol the drive
properties in a halfraum is to adjust the beam point-
ing. Here we explore the dependenceof the drive onto a
sample mounted on the badk wall of a halfraum as the
beam pointing varies. We alsomonitor the DANTE tem-
perature as a function of beam pointing, from the usual
LEH view with a 37.4degreeangleto the halfraum axis.
To simplify the situation, we revert to the pointing used
in the Dedker et al. [4] experiments (the \single ring"
pointing in which all 15 beamsmake a singlering of hot
spots) and our initial modeling in Sec.Il. The other
halfraum properties are the sameas those we have used
for the previous modeling: variable XCE and albedo as
described earlier, a halfraum length of 1150 m and a
diameter of 16001 m, and an LEH diameter of 12001 m.
All 15 beams are taken to have perfect square pro les
over 1 ns and total energiesof 500J per beam. In all the
simulations preseried in this section, the beamsare fo-
cusedat the point at which they crossthe halfraum axis.
We make an exception for seweral beamsin the simula-
tion with the deepest beam pointing, where we had to
pull bad the focus position slightly in order to keepthe
beamsfrom clipping the LEH lip.

We present four simulations, depicted in Fig. 10 and
Fig. 11, in which the beam pointing varies by 1501 m
for ead simulation. The simulation already discussed
and shown in Fig. 10, with the beam pointing at the
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LEH plane, corresponds to the default pointing usedin
the previous sections, with a hot spot distance of 480
1m from the LEH plane. The three simulations shown
in Fig. 11 are for our shallower pointing and two deeper
pointings.

In Fig. 12 we show the trend of radiation tempera-
ture on the badk-wall sample along with the DANTE
temperature as a function of beam pointing. They are
similar to what is seenin hohlraums (seeFig. 5) where
deeper pointings generate higher temperatures by de-
creasingLEH lossesand positioning hot spots more favor-
ably. The °attening out of the sampletemperature trend
with the deepestpointing is dueto the higher obliquity of
the hot spots asseenby the sample. We note that, asde-
tailed in the previous section, the DANTE temperature
exceedghe radiation temperature onto the sampleby be-
tween5and 10eV at late times whenthe halfraum albedo
is high. But at earlier times, when the albedo is much
lower, the two temperatures are more similar. When the
albedois low, the distinction betweenweak wall reemis-
sion and cold LEH is minimal relative to the hot spots,
so the sample seeingwall plus LEH and DANTE seeing
solely wall give similar radiation temperatures.

It is clear from these beam pointing simulations, and
especially from inspecting Fig. 11, that the LEH lip can
play an important role, as it a®ectsthe DANTE view
factors in addition to the e®ectit hason keepingreemit-
ted radiation from escapingout the LEH. To investigate
this quartitativ ely, we have repeatedthe four view-factor
simulations shown in Fig. 11, but without the LEH lip.
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FIG. 13: Sameas Fig. 12, but with no LEH lip (i.e. 100%
LEH).

The results of this seriesof simulations are shown in
Fig. 13, where the trends of sampleand DANTE radia-
tion temperature are displayed. The removal of the LEH
lip has sewral e®ects. The DANTE temperatures are
lower, and somewhatlessdependert on the beam point-
ing. This appearsto be becausethe portion of the half-



raum wall nearestthe LEH is much colderin these simu-
lations than in thosewith an LEH lip. In the simulations
with the lip (i.e. three-quarter LEH), the DANTE tem-
perature increasesmore dramatically asthe pointing be-
comesdeerer becausewithout the LEH lip, the shallover
beam pointings have larger LEH lossesthan in the case
with the LEH lip. For the deeper pointings, the relatively
cool wall near the LEH e®ectiwely dilutes the contribu-

tions from the hot spots and wall reemissionfrom farther

in the halfraum.

The sampleradiation temperature is somewhatlower
(by as much as 10 eV) in these simulations without the
lip comparedto thosewith the LEH lip, dueto increased
lossesthrough the LEH. The trend of increasedsample
temperature with deeper pointing is apparert in these
simulations without the LEH lip, asit wasin the simula-
tions with the lip. The trend is somewhatstrongerin the
simulations without the lip, likely becausethe increased
LEH lossesare stronger for the shallower pointing cases.
At early times, however, the sample temperature is not
strongly a®ectedby the presenceor absenceof the lip, as
the distinction betweenwall reemissionand cold LEH is
not very great when the albedois low and the drive onto
the sampleis dominated by direct emissionfrom the hot
spots. In summary, the sampletemperature drops more
than the DANTE temperature due to the absenceof the
LEH lip (at leastat later times) becausethe samplesees
a bigger cold LEH.

We performeda nal seriesof simulations with varying
beam pointing, but this time with a more natural point-
ing con guration, in which the aim point of both Cones
2 and 3 are the same, causingtwo separaterings of hot
spots on the walls of the halfraum. We also revert badk
to the standard, three-quarter LEH for this series. The
nominal pointing in this casehas all 15 beams pointed
(and focused) at the LEH certer. This makesa ring of
hot spots (from Cone 3) at 4801 m from the LEH plane
and another ring (from Cone 2) at 8901 m from the LEH
plane. The weighted mean pointing of ten beamsat 480
1 m and 've beamsat 8901 m is 6171 m. As in the pre-
vious two sets of simulations, we vary the pointing by
moving all the beamsinward by 1501 m and then by 300
' m, and also calculate a casein which all the beamsare
pulled out 150* m from this nominal pointing.

The results of this seriesof simulations are summa-
rized in Fig. 14. The general trends shavn previously
are also seenin this seriesof calculations. The drive
temperature onto the sampleis relatively independen of
pointing, except for the most extreme cases,in which it
is a little cooler. This is becausethe e®ectof the oblig-
uity of the hot spot view is even more extreme, with
the Cone 2 beams pointed further into the halfraum.
The DANTE temperatures are also quite independen
of beam pointing, and modestly higher than the sample
radiation temperatures (more soat the later times, when
the wall albedois higher).
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FIG. 14: Same as Fig. 12, but with the two beam cones
making two di®erert rings of hot spots, and using the three-
quarter LEH.

VI.  OPTIMIZING
OMETR Y

HALFRA UM GE-

The results from the previous section can be usedto
maximize the radiation drive onto a sample mounted on
the badk wall of a halfraum, aswell asto relate radiation
diagnosticsfrom DANTE to the sampledrive properties.
In this section, we investigate the dependenceof drive
properties on halfraum length and alsoon the presenceof
internal LEH shieldsaswell asafoil just outsidethe LEH.
For simplicity, we keepthe halfraum diameter (16001 m)
and LEH diameter (1200* m) the samefor thesesimula-
tions and also do not vary the beam properties. In this
“rst setof simulations, the beampointing is always at the
LEH center (with the beamsall focusedat this point as
well). Thus, asthe halfraum length changes,the distance
of the hot spots from the sample also changes.

We performed a seriesof four simulations in which the
halfraum length is varied from 10001 m to 14501 m in
stepsof 1501 m. In Fig. 15, in the top panel, we plot
DANTE and sample temperatures at two di®erernt sim-
ulation times as a function of halfraum length. These
temperatures are relatively independert of length, with
only a slight decreasein radiation temperature for the
longer halfraums. The tendency toward lower tempera-
tures dueto the greaterwall areain the longer halfraums
is partially o®setby fewer radiation lossesout the LEH,
and for the sample, the smaller LEH solid angle as the
halfraum lengthensalsotendsto o®setthe increasedwall
losses. The drop in the sample radiation temperature
for the shortest halfraums is due to the obliquity of the
hot spots as seenfrom the sample, especially the Cone 2

spots.
To investigate whether the slight decreasedn the radia-
tion temperature of the badk wall mounted sampleis pri-



FIG. 15: Temperature as a function of halfraum length for
four simulations having identical beam pointings with respect
to the LEH (nominal beam pointing regardless of halfraum
length (top)) and with the beam pointing varying according
to halfraum length (bottom). The solid symbols are from a
simulation time of t = 1:0 ns (left-hand axis) while the open
symbols are from t = 100 ps (right-hand axis). The squares
are DANTE temperatures and the circles are sampleradiation
temperatures.

marily dueto its distancefrom the hot spots, werepeated
the previous seriesof simulations, but with the beam
pointing adjusted in ead caseto keepthe hot spots' dis-
tance from the sample constart as the halfraum length
was adjusted. For this seriesof calculations, we kept the
nominal (LEH certered) pointing for the standard half-
raum length of 1150t m. However, for eadt of the other
three halfraum lengths, we moved all 15 beams either
in or out according to the halfraum length so that the
pointings, and thus the hot spots' positions, were always
the samedistance from the sample. Thus, for the 1000
I m long halfraum, the beam pointing was 1501 m out-
side of the LEH, at the halfraum axis. For the 13001 m
halfraum, the pointing was 150 m inside the LEH, and
for the 14501 m halfraum, it was 300! m inside. For all
but the longest halfraum, all the beamswere focusedat
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the pointing position. For the longest halfraum, we had
to focus the beamscloserto the LEH plane, to prevert
beam clipping on the LEH lip.

The results of this seriesof simulations are shown in
the bottom panel of Fig. 15. The primary result is that
the sampletemperature is almost totally independen of
halfraum length (at both 100 ps and 1 ns). This is, of
course,courter to the expectations of standard hohlraum
temperature power balanceanalysis, which would predict
lower temperatures as the halfraum was lengthened (as
is seenin the rst set of simulations discussedin this
section). Clearly, the fact that the sample's view fac-
tor of hot spots is the samein ead of these four cases
(becausethe pointing is constart relative to the sample
itself) is much more important than the addition of ex-
tra wall areaasthe halfraum is lengthened. Furthermore,
the LEH subtendsa smaller solid angle as seenfrom the
location of the hot spots in the longer halfraums, soLEH
lossesare minimized, even as wall lossesincrease. The
DANTE temperature decreasessomewhatwith increas-
ing halfraum length becausethe wall in the DANTE eld
of view includes cortributions from regionsfarther from
the hot spots whenthe halfraum is longer, and thesewall
regions are colder, as there is a negative axial tempera-
ture gradient assaiated with the hot spots.

In order to maximize the radiation drive onto a sam-
ple, or generally in a hohlraum or halfraum, extra walls
or barriers or other complex geometriescan be employed.
Boosts of the drive onto a capsule have been demon-
strated via the use of walls on the interior of hohlraums
that block the capsule'sview of the LEH [16].

We performed a simulation to investigate the e®ectsof
such \LEH shields." Again using a standard size (2300£
1600t m) hohlraum with three-quarter LEHSs, we put two
600 t m diameter gold disks certered on the hohlraum
axis 6001 m from the hohlraum midplane. We usedthe
nominal beam pointing, with all 15 beamson ead side
of the hohlraum pointed and focused at the certer of
the LEH. As expected, and showvn experimentally, these
LEH shieldsboost the temperature at the midplane of the
hohlraum by blocking much (some) of the LEHs seenby
a sample (hot spots), decreasingthe e®ectie view factor
of cold LEH and preverting someof the radiation losses
out the LEH. The usual emissiontemperature color maps
from two di®erent views are shown for this simulation in
Fig. 16.

We monitored the radiation temperature in this sim-
ulation on a sample at the certer of the hohlraum (and
facing one of the LEHS) as well as on a midplane wall-
mounted sample. The radiation temperature on these
two samplesnever varied by more than 2 eV (135eV vs.
135eVatt= 100psand 197eV vs. 195eV at t = 1 ns).
In the simulation without the shields, the sample tem-
peratures are nearly identical at early times (134 eV and
135eV at t = 100 ps for the hohlraum-certer and wall-
mounted samples,respectively) but are somewhatlower
at later times (190eV and 193eV at t = 1 ns). The lack
of e®ectof the LEH shieldson the sampletemperature at



FIG. 16: Emission temperature color maps, at t = 1 ns, of
the hohlraum simulation with the LEH shields (compare to
the otherwise identical simulation shown in the top panel of
Fig.5, but without the LEH shields). The top panel shows
the usual DANTE view, while the bottom panel shows a view
from near the hohlraum midplane, looking toward one of the
LEHs. Note that the shield subtends an angle almost aslarge
asthe LEH, asseenfrom the midplane, and that it is about
as hot asthe inside of the LEH lip.

early times is due to the fact that the shieldsthemsehes
are not yet hot enoughto emit signi cant radiation; they
are nearly as cold as the LEHs that they block. But at
late times, the shieldsboost the temperature on a sample
at the center of the hohlraum by 7 eV, corresponding to
16%in °ux. As expected,the boost at the midplane wall
is signi cantly smaller (2 eV, or 4 % in °ux) asit hasthe
sameunobstructed view of the LEH with or without the
shields.

The DANTE temperature is signi cantly lower in the
simulation with the shields (197 eV at t = 1 nsvs. 207
eV at the samesimulation time in the casewithout the
shields). As can clearly be seenin the simulation (Fig.
16), the lower DANTE temperature is due the fact that
the badk of the shield is in the DANTE view, blocking
this diagnostic's view of somehot spots and wall reemis-
sion. We note that, at leastin this particular simulation,
the radiation temperature on a sampleat the hohlraum
certer and the DANTE temperature are identical.

A strategy similar to the use of LEH shields might
involve putting metal foils outside the LEH to absorb
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FIG. 17: Two halfraum simulations with a metal foil just out-
side the LEH. In the simulation shown in the top two panels
(DANTE view on the left and view from the sample position
on the right), there are no beamsonto the foil. The foil sim-
ply acts to absorb and reemit radiation that exits through
the LEH. In the bottom two panels, there are ten beamsonto
the foil, which signi cantly increasesthe radiation °ux inside
the halfraum. The snapshotsin the right-hand column show
emissiontemperatures at t = 1:0 ns.

radiation lost out the LEH and reemit it bad into the
hohlraum or halfraum. In Fig. 17 we shov an example
of this scheme,in which a circular foil with a diameter of
7001 m is hung 5001 m outside the LEH. One potential
advantage is that a foil on the exterior can be irradiated
with unusedbeamsfrom the other (hon-LEH-facing) side
of the target chamber to provide an additional sourceof
x-rays to heat the halfraum.

We performed two simulations of the halfraum with
the foil in the con guration described above, and using
the nominal pointing (all 15 beamspointed at the certer
of the LEH plane) and halfraum size(l = 1150t m). In
one, we do not irradiate the foil at all, and in the other,
we irradiate the foil with all ten Cone 3 beamsfrom the
other side of the halfraum, using the same power pro-
Te asthe halfraum beams(1 ns square pulseswith 500
J per beam). This additional sourceof radiation makes
the ertire halfraum hotter. In Fig. 18 we compare the
spectra incident on the sample (mounted as usual on the
certer of the badk wall of the halfraum) from the two
caseswith the foil (irradiated and not) to the standard
casewithout the foil. It canbe seenfrom this "gure that
while simply adding the foil makes very little di®erence
(sample radiation temperature of 187 eV vs. 185.5eV,
or 3% in °ux), irradiating the foil makes a large di®er-
ence,raising the radiation temperature on the sampleto
207 eV (represeriing a 55% increasein total °ux), and



FIG. 18: Comparison of spectra incident on the certer of the
samplein our standard (I = 11501 m) halfraum at t = 1:0 ns,
with the standard beam pointing. The dotted line represerts
the simulation with no foil, the dashedline (nearly coincident
with the dotted line) represerts the simulation with a foil
outside the LEH, and the solid line is from the simulation
with the foil heated by ten beams.

roughly doubling the radiation °ux at 2 keV.

VI'l. CONCLUSIONS

We have presened results from numerical view-factor
simulations performedto investigatethe variation of radi-
ation conditions asa function of spatial, geometrical,and
beam pointing conditions for hohlraums and halfraums
at OMEGA. In addition, we have presened results show-
ing sometimessigni cant di®erencesn the hohlraum wall
temperaturesviewed by DANTE and the radiation drive
temperatures seenby experimertal padkagesattached to
the hohlraum or halfraum walls. Becausethe radiative
°ux, and thus the heating, scalesas the fourth power of
the temperature, even modest di®erencesin wall tem-
peratures can be signi cant. View-factor simulations,
such as those preseried here, provide a means of sim-
ulating hohlraum radiation characteristics and interpret-
ing wall emissionmeasuremets (e.g., DANTE), and can
be of value in designingand interpreting experiments at
OMEGA and future experiments at NIF.

We nd, speci cally, from seeral seriesof simulations,
that the radiation drive onto a samplecan di®er substan-
tially from that measuredby an absolutely calibrated x-
ray detector, like DANTE, evenwhen the diagnostic line
of sight is through an LEH. This is especially true in
hohlraums, as comparedto halfraums, and at late times
(when wall albedosare high). In the standard hohlraum
simulations we carried out, the radiation temperature on
a sample at the hohlraum midplane is roughly 15 eV
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lower than the DANTE temperature. In standard half-
raum con gurations, there is good agreemen between
DANTE temperatures and radiation temperatures onto
a samplemounted at the certer of the badk wall (roughly
a 5 eV discrepancyat 200eV). This better agreemetn is
primarily dueto the fact that in a hohlraum, the DANTE
temperature is boosted with respect to a halfraum be-
causeDANTE seessomeof the hot spots on the far side
of the hohlraum, from beamsertering from the opposite
side. We also nd that midplane radiation temperatures
in hohlraums are very similar to radiation temperatures
onto a sample suspended at the certer of a hohlraum,
and further, that the orientation of such a sample has
very little e®ecton the radiation temperature.

It was also shavn that even when radiation tempera-
tures betweentwo di®erert samples,or betweena sam-
ple and DANTE, are very similar, the respective spectral
energydistributions can di®er signi cantly. The primary
trend we found is that incident spectra are harder than
the equivalent Planckian spectra having the sameradi-
ation temperature. Another, milder, trend is that the
spectrum onto a sample tends to be harder than that
seenby DANTE.

Variations in beam pointing and halfraum length were
found to have relatively little e®ect,generally, on either
the sample radiation temperature or the DANTE tem-
perature, exceptin extreme cases. The mean laser spot
position can be varied anywhere from roughly 400 * m
to 8001 m from the LEH plane in a standard halfraum
without changing either the DANTE temperature or the
drive temperature onto a sample more than a few eV.
And a 1600t m diameter halfraum will provide maximal
drivetemperatureswith nominal beampointing whenthe
halfraum has a length anywhere between1100and 1400
Im. Howewer, the size of the LEH can have a signi -
cant e®ecton both DANTE and sample temperatures.
Furthermore, the presenceof a capsulein a hohlraum
will lower both the DANTE temperature and the sample
temperature in a predictable way due to increasedlosses
into the low-albedo capsule. Finally, the drive onto a
sample can be increasedsigni cantly by the inclusion of
LEH shields (which also have the e®ectof lowering the
DANTE temperature, bringing it into much closeragree-
ment with the sample temperature) or by irradiating a
foil placedjust outside the LEH of a halfraum.

Acknowledgmen ts

We are grateful for support through grant DE-
FG03-O0SF22023(from the DOE/NLUF program) to
Prism Computational Sciences,and Researth Corpora-
tion grant CC5489 to Swarthmore College. We also
thank Rick Olsonfor usefuldiscussions Dave Connersfor
performing someinitial calculations, and Micah Walter-
Rangefor his help producing someof the images.



REFERENCES

References

[1}J. D. Lindl, P. Amendt, R. L. Berger, S. G. Glendin-
ning, S.H. Glenzer,S.W. Haan, R. L. Kau®man, O. L.
Landen,and L. J. Suter, Phys. Plasmas11, 339(2004).

[2]M. D. Rosen,Phys. Plasmas3, 1803(1996).

[3H. N. Kornblum, R. L. Kau®man, and J. A. Smith,
Rev. Sci. Inst. 57, 2179(1986).

[4]C. Decker, R. E. Turner, O. L. Landen, L. J. Suter,
P. Amendt, H. N. Kornblum, B. A. Hammel, T. J.
Murphy, J. Wallace, N. D. Delamater, et al., Phys.
Rev. Letters 79, 1491(1997).

[5]T. R. Boehly, D. L. Brown, R. S. Craxton, R. L. Keck,
J. P. Knauer, J. H. Kelly, T. J. Kessler,S. A. Kumpan,
S.J. Loucks, S. A. Letzring, et al., Opt. Commun. 133,
495 (1997).

[6]J. J. MacFarlane, J. Quant. Spectrosc.Radiat. Trans-
fer 81, 287 (2003).

[71. J. MacFarlane, I. Golovkin, and P. R. Woodru®, J.
Quant. Spectrosc.Radiat. Transferin press (2005).

[8J. D. Schnittman and R. S. Craxton, Phys. Plasmas?7,
2964 (2000).

[OIL. J. Suter, R. L. Kau®man, C. B. Darrow, A. A.
Hauer, H. Kornblum, O. L. Landen, T. J. Orzechowski,

15

D. W. Phillion, J. L. Porter, L. V. Powers, et al., Phys.
Plasmas3, 2057 (1996).

[10W. A. Stygar, R. E. Olson, R. B. Spielman,and R. J.
Leeper, Phys. Rev. E. 64, 026410(2001).

[11]R. E. Olson, R. J. Leeper, S. C. Dropinski, L. P. Mix,
G. A. Rochau, S. H. Glenzer, O. S. Jones,L. J. Suter,
J. L. Kaae, C. H. Shearer, et al., Rev. Sci. Inst. 74,
2186(2003).

[12]M. Murakami and J. M. ter Vehn, Nuclear Fusion 31,
1315(1991).

[13]C. A. Back, J. D. Bauer, J. H. Hammer, B. F. Lasin-
ski, R. E. Turner, P. W. Rambo, O. L. Landen, L. J.
Suter, M. D. Rosen,and W. W. Hsing, Phys. Plasmas
7, 2126(2000).

[14]D. H. Cohen, J. J. MacFarlane, P. Jaanimagi, O. L.
Landen, D. A. Haynes, D. S. Conners, K. L. Penrose,
and N. C. Shupe, Phys. Plasmas11, 2702 (2004).

[15P. A. Paisner, J. D. Boyes, S. A. Kumpan, W. H.
Lowdermilk, and M. S. Sorem, Laser Focus World 30,
75 (1994).

[16]P. Amendt, S.G. Gendinning, B. A. Hammel, O. Lan-
den, and L. J. Suter, Phys. Rev. Letters 77, 3815
(1996).



