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Measurements of early time radiation asymmetry in vacuum and methane-filledHohlraums
with the reemission ball technique
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In a previous papefPhys. Rev. E53, 5240(1996], we presented experimental results of a technique for
measuring time resolved symmetry in vacuttohlraumsirradiated with the laser beams from the NOVA
laser located at Lawrence Livermore National Laboratory. The experimental method involved x-ray imaging a
high-Z ball placed in the center of a laser irradiated vacudatlraum The signal from the higiz- ball was
measured along thelohlraum axis, and compared with calculations. In this paper, using this experimental
technique, we present time-dependent reemission measurements and calculations of the drive symmetry in
vacuum and methane-fillddohlraumsfor a shaped laser pulse. We also present a method for determining the
time dependence of the radiation flux from the measured reemission signal ratios, and do a modal analysis to
determine the values of the dominant Legendre compong3it€63-651X98)06304-1

PACS numbds): 52.25—b

[. INTRODUCTION raumwall with a 100—150um outer CH layer. Symmetry is
studied by measuring the motion of the x rays from the hot
Understanding and controlling symmetry in indirect drive X-ray ring created by the laser spéts}]. For this paper this
is critical to achieving the high convergence ratios needednethod will be referred to as the “thin-wall hohlraum™ tech-
for significant gain from capsule implosiofis—5]. Over the ~ Nique. o
last few years much effort and progress has been made in Another method that uses x-ray backlighting places a
measuring and understanding symmetry withiohlraums foam ball in the capsule location inside of thk#hlraum

[6,7]. By imaging the compressed cores of imploded Cap_Measurements of the location of the shock front are made as

sules, time integrated estimates of the symmetry have beequunction O.f time. This is done by backlighting the ball with
made in vacuum as well as methane-fillddhiraums This 2 appropriate x-ray spectrum as the foam ball implodes.

. L . The measured distortion in the shock front is used to infer
technique has been applied in a couple of different ways. Thﬁ1e asymmetry15]

first ,fnethOd. that will be referred to as the standarq €aP"  |n this paper, we present results using the reemission tech-
sule technqu!e uses a NOVA pIast(@H) capsgle which nique to obtain drive symmetry measurements in vacuum
has a shell thlckne.ss of 5m a_nd an inner radius _Of 220 and methane-filledohlraumsat NOVA. The experimental
pm. The capsule fill pressure is 50 atm of deuterium, anqgchnique involves imaging a Bi ball placed in the center of

1/10 atm of argon. The imploded core image is the result of |aser irradiatetiohlraum As described in our earlier paper
the symmetry occurring throughout the capsule implosion, a
time of 2.2 and 2.5 ns for the shaped laser pulse used ir
many experiments. It is a time integrated im§8e11]. The
second method, that will be referred to as the “symmetry
capsule” technique, uses earlier time sampling by thinning% <
the capsule shell to create an implosion at an earlier time= 02—~ z
Typically, the shell thickness is about 20n. The deuterium ’
pressure inside the shell is about 6 atm to maintain a conver
gence ratio(initial to final capsule radiysof about 8, the
same as a standard capsule. Also, the argon pressure is ab
1 atm to achieve a good x-ray signal. Because the implosior:
occurs at an earlier time, the imploded core image is a meag
sure of the symmetry integrated over this reduced implosion®
time period. This has resulted in measurements of the time , |
integrated symmetry for the first ns of the PS22 laser pulse °"00 05 1.0 15 20 25
(Fig. 1), a 1:3 power ratio laser pul§é2]. ’ ' )

Two other methods use the motion of specific emission
regions to study symmetry. One method looks directly at the
laser spot emission in low energy x rays by observing giG. 1. A typical PS22 laser power pulse is depicted. Also
through a large slit in thélohlraumwall. Symmetry is stud-  shown are radiation temperature profiles for vacuum and methane-
ied by tracking the motion of the laser emission region infilled Hohlraumsthat were irradiated with a PS22 laser pulse. The
three different x-ray energy chann¢ls3]. The other method measurements are fétohlraumswithout a capsule which is the
images laser spot emission through a two micron ¢tdthl-  typical method for making these measurements.
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[1], after about 1 ns; the gold plasma blowoff from thehl- diagnostic viewing port o
raumwall collides with the bismuth plasma from the reemis- gg:‘r'%mgﬂgg ol
sion ball. This collision causes x-ray emission from the ball
region. Because this emission is not directly related to the N
x-ray flux incident on the ball, the method is limited to mea-
suring symmetry at early time, and for this paper to times 7 A
less than 1 ns. Measurements and calculations of the pole
(along theHohlraum axig) to equator(perpendicular to the
Hohlraum axis) signal ratio in vacuum and methane-filled solid Bi sphere mounted

. on a carbon fiber
Hohlraumswill be presented. We also present a method for
determining the time dependence of the radiation flux from FIG. 2. Target configuration for gas-filledlohlraum Time
the measured signal ratios, and do a Legendre modal analysiated x-ray imagers look both perpendicular(tiorough the diag-
to find the time dependence of tRg, P,, andP; Legendre  nostic holey and along(through the laser entrance holé¢lse Hohl-
moments. For this paper, the polar and equatorial axes argumaxis. The diagnostic and laser entrance holes are covered with
defined to be along and perpendicular to Hhehlraumaxis,  0.35 um of polyimide, and theHohlraumis filled with 1 atm of
respectively. methane.

550-um diameter plastic capsule. The ball was solid bismuth
275-320um in diameter. The diagnostic hole viewing per-
pendicular to théHohlraumaxis was 70Qum in diameter to
The reemission ball is a nonimploding solid bismuth ballallow a good image of the bismuth ball for at least 1 ns. The
positioned at the center oftdohlraum The ball is placed at emission from laser spots, the most intense source of x rays
the initial position of a typical imploding capsule, and above a keV inside thelohlraum can interfere with the ball
samples the drive pattern at this location. The ball reemitdMage. To eliminate the laser spot problem, a 300-diam-
thermal radiation under the influence of the radiation drive in€ter hole was placed opposite the 7@- viewing port. In
the Hohlraum The radiation symmetry at the ball is studied the methane-filleddohlraums the laser entrance holes and
by imaging this thermal radiation reemitted from the bis-diagnostic ports were covered with 0.4 of polyimide, a
muth. In a previous papdil], we addressed many of the plasticlike material, and thélohlraumswere filled with 1

issues related to the reemission ball concept. For exampl%tm of methane shortly befofa few minutes to a half hour

: ; I . " They were shot. As in our previous experiments, we used a
issues such as approp_rlate filtering, ﬂuorescenpe_z, timing I'm"150-,um Be filter which gives a transmission peak between 2
tations, Hohlraum environment and plasma filling, target

. hani LTElocal th g . b and 3 keV. The lasers were pointed so that the center point
mounting mechanism, LTElocal thermodynamic equilib- here the five NOVA laser beams crossed was located along
rium) versus NLTE(nonlocal thermodynamic equilibrium the Hohlraum axis at the laser entrance hole.

and simple theoretical-experimental comparisons were €x- previous experiments used a beam imbalance along the
amined. These feasibility experiments were done with a 1-ngojar axis to address the methods potential for measuring
flattop laser pulse that generatedHahIraumradlatlon tem- Symmetry_ For examp|e' five beams on one side were given
perature above 200 eV for all but the first 200—-300 ps. Thesgigher power than those on the other. The beam imbalance
experiments were done with a web mounting mechanism focaused a measurabR, Legendre mode from the bismuth
holding the Bi ball. ball. Measurements with typical time-gated images and the-
In this paper we show that the technique can be used in aretical comparisons were presented in our previous paper
lower temperatureéHohlraum environment in both vacuum [1]. The experiments presented here concentrate on the pole-
and methane-filletHohlraums and provides early time drive to-equator asymmetry, &, Legendre mode. As demon-
symmetry measurements not available with other methodsstrated in implosion experiment$—7], moving the five
The experimental results presented used the shaped ladegam laser bundles along tiéohiraum axis changes the
pulse, PS22, with a foot-to-peak power ratio of {23. Our  drive on the capsule from pole h@teams outward near the
measurements occurred during the foot of this pulse wherkser entrance holeso equator ho{beams inward near the
the Hohlraumradiation temperature varied from a 100 to 160 ¢apsule. When the laser beams all cross at the laser entrance
eV over a 1-ns duration. Because of difficulties with the web0l€, this symmetry control can also be achieved by chang-
mounting mechanism it was replaced with auih diameter N9 theHohlraumlength[2]. For example, for vacuurHohl-

carbon stalk that was attached to the inHehlraumwall. It raurr;ﬁlil;ezége ones utsed in ciurheﬁ)jelrimen;]silHahllraurtTrl] ‘
was positioned so as not to interfere with our measureme ngth o Qum creates a pole hot drive, while a length o

. ; . 400 um creates an equator hot drive. For the experiments
of the ball signal seen perpendicular to tHehlraum axis. resented, the latter technique is used. Foslraumlength

The carbon stalk was used for all the experiments presentea/as varied from 2400 to 2806m. To achieve more accurate

i An _examplz pf the me‘“@”e'f"'e"?"’h'r:a“m target an' h measurements of the pole-to-equator symmetry, restrictions
iguration used in our experiments is shown in Fig. 2. Th&yere placed on the beam-to-beam energy balance and on the
Hohlraumlength varied from 2400 to 280Am, and had @  ower balance. The beam-to-beam energy rms was less than

800-um radius. The laser entrance holes had a f0+a- 504, The laser power balance during the foot was about 10%
d|US, and theHohlraum walls were 25Mm thick. On each rms, and during the peak about 5% rms.

side of theHohlraum five laser beams entered tHehlraum As in previous experimentgl], the x-ray image of the

through the entrance holes and created a five spot ring papall was measured using the gated x-ray imaggXl|) de-

tern on theHohlraumwalls. The reemission ball was placed veloped at Los Alamog16—18. The GXI is a gated micro-

in the center of theHohlraum replacing the standard channel plate, multiple pinhole camera with both time and
space resolution. The gating of the microchannel plate pro-

Il. EXPERIMENTAL CONCEPT AND DESIGN
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FIG. 3. Typical polar and equatorial 50m-wide linescans for a reemission ball.

duces a series of snapshot frames of about 80-ps duratiorelated to the emitted signal. They are the signal’'s unique-
For our shots the temporal resolution was about 80 ps, theess, temperature, and spectral dependence. We show that a
time gate for GXI, and the spatial resolution was about 2@constant radiatior, flux asymmetry gives rise to a unique
um. The x-ray pinholes were 2am in diameter. The GXI emitted signal. We illustrate how the emitted signal depends
camera was pointed perpendicular to Hghlraumaxis, and ~ on the incident radiation temperature. We determine that the
viewed through the 70@m-diameter diagnostic hole. emitted signal can be represented by a blackbody radiation
The Hohlraum was illuminated with the ten NOVA emitter.
beams using the PS22 laser pulse with 25—28 kJ of laser We process our calculations by a method analogous to the
energy. Time resolved x-ray images of the ball in the directechnique used to process the experimental data. The first
tion perpendicular to thelohlraumaxis were obtained from step is to post process thesNex calculations. The post
the GXI data. The images were analyzed using the dat@rocessor uses a sequence of snapshots, typically 10-20 ps
analysis cod@DssHRINK[19]. The raw film density data was apart, from a.AsNEX calculation. For each snapshot the post
converted to exposure using a calibrated wedge. The imag@rocessor does a detailed ray-trace radiation transport calcu-
in exposure units was then filtered by a median filter tolation from the ball to a specified detector. Experimentally,
eliminate noise spikes introduced from the microchannefhe x-ray camera has an exposure tifgate time and a
plate in the GXI. By taking polar and equatorial linescansfilter. For example, our experimental camera has an 80-ps
through the center of each image, the pole-to-equator signglate time and a 15@im Be filter. For our calculations, we
ratio was obtained and was plotted as a function of timeused a 100-ps gate time and a flat filter that allowed all
Furthermore, by taking azimuthal linescans, aboupd®in ~ Photons above 2 keV to produce the image. This filter gave
width along the edge of the Bi ball, a Legendre analysis oftbout the same result as the experimental one. Polar and

the time dependence &, P,, andP, was done. equatorial linescans about 20n wide were used to monitor
the emitted radiation. Figure 3 gives an example of a typical

polar and equatorial linescan. Notice that the linescans peak
in intensity near the edge of the ball. This effect is due to
As in our previous paper two-dimension@D) LASNEX limb brightening. The difference in the peak equatorial and
[20] was used to study the relationship between the reemittedolar signals is indicative of the amount Bf mode asym-
image from the ball and the incident radiation flux. The fol- metry. We use the ratio of these two peaks to monitor the
lowing calculations were not used to compare directly toasymmetry.
experimentally measured signals. More detailed calculations To study the uniqueness of the signal for a given incident
will be described later. The calculations described in thisP, flux asymmetry, we used an average constant value of
section included only the bismuth ball, a vacuum region surd125 eV for the temperature source. The source was fre-
rounding the ball, and a boundary. As in our earlier work,quency dependent and came fromasNEX calculation. Us-
NLTE radiation physics was used for the ball. A constanting the method described above, the pole-to-equator signal
pole-to-equator radiation flux asymmetry,P3 mode, was ratio was calculated as a function of time for different source
applied at the boundary. The ball’s emitted radiation andasymmetries. We found that after a 100 ps the signal ratio
hydrodynamics were studied as a function of time for differ-was constant to within a couple of percent for 1 ns. For
ent constant values of the radiation source. example, at an average temperature of 125 eV arfé, a
With these calculations we address three important issuesource asymmetry of 5%, 10%, and 1%g6le ho}, the pole-

Ill. THEORETICAL MODELING
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to-equator signal ratio was constant and equal to 1.25, 1.5, -
and 1.8, respectively. During the first 100 ps the albedo of
the bismuth changes rapidly, and typically gives a higher
signal than the value that follows. As a result, interpretation
of the symmetry from the ball signal is difficult during this
time.

To understand the temperature effect on the signal, the
PS22 laser source was used. This source was frequency and
time dependent. It was created by doing al28Nex Hohl-
raum calculation without the ball with 25 kJ of laser energy.
An example of this laser profile is shown in Fig. 1. A con-
stant 10%P, (pole ho} asymmetry was used for the source.
The calculated signal ratio was again processed using the
experimental technique described above. Ignoring the first
100 ps, we found that the signal ratio was not constant. The
signal ratio does depend on th®hlraumradiation tempera-
ture. At an early time when the temperature was 100 eV, the
signal ratio was 1.6. At a later time when the temperature

was 160 eV, the signal ratio was 1.35. o _ FIG. 4. Calculated relationship among radiation temperature,
Because it was a small effect for the radiation profilessymmetry, and signal ratios for a filter that allows all x-rays above

used in our previous work, we ignored signal ratio changes kev to create the signal. This filter was equivalent to the AB0-

due to radiation temperature changes. However, as we ha filter used in our experiments. The signal ratios were determined

just shown, the emitted signal ratio from the Bi ball doesusing a LTE radiation source. The four plotted curves represent 5%,

depend on the radiation temperature. If we assume that thEo, 15%, and 20% radiation flux asymmetries.

Bi ball emits like a blackbody radiator we can estimate

changes in the emitted flux from changes in thehlraum

radiation temperature. Consider thesNex calculation de-
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lated radiation profiles are consistent with the measured

scribed above. Assume that at early time that the ball has aypeuum and methane profiles shown in Fig. 1. These mea-
average temperature of 100 eV andPalike temperature surements were mgdg ftohiraumswithout a cqpsuléZl]
gradient. Using the blackbody energy spectrum, we can Capnder COHdItIOI’\S.SImHaI’ to thpse of our experiments. Suter
culate the energy emitted above 2 keV for different ball tem-€t @- made detailed comparisons between these measure-
peratures centered about 100 eV. For example, if the polg1€nts and.ASNEx calculations, and found good agreement
had a temperature of 102.4 and the equator a 100 eV, tH&2]. Notice that we have ignored the effect of the ball on the
pole-to-equator difference in photon energy emitted is 10%tadiation profile. Theoretically, we expect the capsule to
The ratio of energy emitted at 102.4, and at 100 eV is 1.6 fohave a small effect on the radiation profile, typically about a
a 2-keV flat filter. At a 160-eV and 10% flux difference, the 5—10-eV drop in radiation temperature throughout time. This
signal ratio is 1.35. These values agree with the calculationis because most of the radiation energy loss occurs from
described above. absorption into theHohlraum walls and from loss through
Many other calculations were done to connect emittedhe laser entrance holes and diagnostic holes. Diagnostic hole
signal ratios with incident radiation temperature. We foundlosses are included in all of our calculations. For a discussion
that a constanitiohlraumtemperature an®, flux asymme-  of Hohlraumenergetics and the effect of the capsule, see the
try resulted in a unique signal from the ball. Furthermore, wepapers by Rosef23,24.
found that the incident flux and emitted flux can be related As was discussed earlier, to measure the x-ray emission
by assuming the Bi ball emits as a blackbody. from the Bi ball requires diagnostic holes in the sides of the
Assuming the bismuth ball is a blackbody emitter, we canHohlraum In a previous papd25,26], we presented results
relate incident flux asymmetry to emitted signal ratios. Fig-of the diagnostic hole effect. Here we briefly review those
ure 4 shows this relationship. The relationships shown areesults. SinceLASNEX is a two-dimensional code, a com-
only valid for a 2-keV flat filter. Since the amount of photon pletely integratedHohlraum calculation with diagnostic
energy and spectrum seen by the camera depends on theles is not possible withASNEX. Consequently, to study
filter, one might expect that the signal ratio depends on thé¢his effect we used a three-dimensional radiation transport
filter. This is indeed the situation. For the 100-eV exampleview factor code. The calculations were totally integrated
above, a 3-keV filter would result in a signal ratio greaterincludingHohlraum Bi ball, laser entrance holes, diagnostic
than 2 not the 1.6 value given by the 2-keV flat filter. Theholes, and radiation emission from each of the ten laser
2-keV filter is equivalent to the 15am Be filter used in our spots. No hydrodynamic motion was allowed. However, ac-
experiments. As a result, the relationships depicted in Fig. 4urate time-dependent albedos of thehlraumwalls and Bi
are valid for our experiments. We will illustrate how we use ball were used. These calculations suggested that no measur-
the experimental signal ratios to calculate the radiation fluxable effect would occur in our experiments for the symmetry
in Sec. V. measurements we would make perpendicular to Hiodl-
Because the laser and temperature profiles depicted irmumaxis. The calculations were accurate to the few percent
Fig. 1 will be used in Sec. V they merit further discussion.level, but, of course, do not have the effects of plasma mo-
Although detailed comparisons were not made, our calcution.
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FIG. 5. Example of a polar linescan created by a pole-to-pol

beam imbalance. wm in width.
IV. THEORETICAL-EXPERIMENTAL ing mechanism for holding the bismuth béll]. The web
COMPARISON USING SIGNAL RATIOS interfered with our measurement of the pole-to-equator sig-

nal. To avoid this problem, the web was replaced with a
) . ) 7-um C stalk oriented so as not to obscure the ball image
In our previous paper we studied asymmetries along theyroygh the diagnostic hole. All of the experimental-

polar axis, and made detailed comparisons between calculg;ooretical comparisons shown are with the statéhlraum
tions and experimentally observed pole-to-pole signal ratio, gets. The experimental gate time for all our measurements
Here we study the pole-to-equator signal ratios. Linescans 50 g s and there were 16 frames per shot covering about
pm in width were taken along the polar and equatorial axes ns of time. Because of difficulties aligning the Bi ball with

Examples are shown in Fig. 3. If there is a power imbalanc he diaanostic holes and because of camera oroblem .
along the polar axis, the peak signal on one side will be lagnosti S us P S, typi-

higher than the other. This is illustrated in Fig. 5. For thisCally 10-12 frames gave .useful data. . -
situation we took the peak average. Also, sometimes there To test for reproducibility, two consecutive S|m|Iar_shots
were small differences in the peaks in the equatorial direcvere fired on the NOVA laser. The laser power profile and
tion. Again the average peak value was used. For the resul&P0t positions were duplicated as well as was possible. The
presented, the peak differences were small, less than 109%pole-to-equator signal ratios for these two shots are shown in
Our theoretical approach was to use 2D fully integrated™ig. 6. There were slight differences in the polar beam bal-
LASNEX calculations to compare with experimental results.ance on these shots, and this may have caused the slight
These calculations included laser interaction with itehl-  differences in the time dependence of the signal ratios. A
raumwalls, hydrodynamic motion of the walls and ball, and comparison with calculations is given in Fig. 7. The laser
radiation emission and absorption everywhere within thepointing for this experiment was 1325m. We show two
Hohlraum Two differentSESAME equations of statg27] for
gold were used and gave identical results. NLTE radiation ﬁ—
atomic physicg28] was used for the wall and for the ball, 3.0 - experiment (stalk)
using the average atom atomic physics packageasnEX. ®  Calculation (1325)
To determine the effect of NLTE emission from the ball,
integrated calculations with thidohlraumwalls NLTE and
the ball LTE were also done. The calculated ball signals
were the same for NLTE and LTE radiation physics. To
obtain an image to compare with experimental results, the
LASNEX results were post processed. The post processing
was the same as described in Sec. lll. The detector for our

13
+ + 4
calculations had a filter equivalent to 1 of Be, the filter 443_ “ﬁﬁ_@ %
|

®
L]
used in the experiment. In the Secs. IV B and IV C, we will 1.0 | #LQBT o ="
2 0.6

A. Approach

@ Caloulation (1375)
N

2.0 _Ei;_

-
o

to-equator signal ratio

Pole

|
refer to a laser pointing that is related to a particlihl- 00 0. 0.4 ) 0.8 1.0
raum length. For reference, laser pointings of 1175, 1275, Time (ns)

1325, and 137%m are related télohlraumlengths of 2400,
2600, 2700, and 280@m, respectively. FIG. 7. Comparison between experimental and theoretical pole-

to-equator signal ratios for the 132Bn laser pointing(vacuum
Hohlraumwith a length of 270Qum). Two calculations are shown.
One had &Hohlraumlength of 2700um, the other a length of 2800

Our first experimental data of the pole-to-equator signalum. Each experimental point had a 80-ps time interval angB0-
ratio from vacuunHohlraumswere done with a web mount- width linescans were used.

B. Vacuum Hohlraum results
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FIG. 8. Comparison between experimental and theoretical pole-
to-equator signal ratios for a 11¢Bn laser pointingvacuumHohl- FIG. 9. Calculated difference between pole-to-equator signal ra-
raum with a length of 2400um). Each experimental point had a tios for vacuum and methane-filladohlraums (Hohlraum length
80-ps time interval, and 5@im width linescans were used. was 2600um).

calculations, one at a pointing of 132Bn and the other at

1375 um. The calculation with a pointing of 1376m tends ~ SION tends to affect the pole more than the equator for the

to agree more closely with the data, although both agree wefiohlraumlengths we have considered, lengths on the order

for most of the time period. For precision NOVA measure-Of or greater than 240@m. The result is an artificially large

ments, the laser condition used in our experiments, it is beSignal ratio that is not related to radiation symmetry.

lieved that the pointing accuracy for the NOVA beams is

about 30um. Thus this difference may be due to the point- C. Methane-filled Hohlraum results

ing accuracy of the NOVA beams. The pole hot result at the |, order to reduce the laser spot motion due to plasma

1325 pointing is in agreement with core imaging symmetrya|| plowoff and, therefore, better control symmetry inside

experiments df’”e with the “standard capsule” and “sym-ohiraums the National Ignition Facility target designs have

metry capsule” techniquel$]. _ o the cavity filled with a gag29]. The gas acts to tamp the
Our other comparison is at an inward laser pointing, 117%,35ma blowoff. To understand the effect of the gas and the

um, that should result in a equator hot asymmetry. A cOMyyindows needed to contain the gas, a series of time-

parison between experiment and theory is given in Fig. 8inteqgrated symmetry shots on the NOVA laser were under-
Again, there is close agreement between calculation and eXsken. Both methane- and propane-filletbhiraums have
periment. The pole-to-equator ratio is less thaequator peen studied. These experiments were done with the PS22
hot) over the first 800 ps. This result is consistent with|aser pulse. Core imaging of implosions using the “standard
standard capsule” symmetry core imagifg,12]. capsule” technique indicate a symmetry shift from the
These results can best be understood by studying the &fzcyym result$4,7,9 The data suggest a laser spot motion

fect of the placement of the laser spots, by consideringyitt of about 15Qum toward the LEH. Similar core imaging
changes in the wall albedos and by studying plasma flow

within the Hohlraum The symmetry on the ball can be made
uniform at early time by the proper placement of the laser 30 —+—Dama
spots that create approximate rings on opposite sides of the
Hohlraum[6,8]. With the proper location, the radiation from
the rings will compensate for the nonradiating areas created
by the laser entrance hol@sEH’s). Early in time, before the
walls have heated to any great extent, the contrast in tem-

O calculation

+T, +

Pole-to-equator signal ratio

perature between the laser heated wall region and the other 20 - + O

wall regions is large. If the laser ring position does not com- + +
pensate for the LEH, this large contrast will give rise to large

asymmetries. As a result, if the pointing is too far outward, O D‘+-_+_

the situation in Fig. 7, the asymmetry at early time is O o 0O

strongly pole hot(signal ratio greater than)1On the other 1.0 l Oy | | |
hand, if the pointing is too far inwarg-ig. 8), it is strongly 0. 0.2 0.4 0.6 0.8 1.0
equator hota signal ratio less than 1At intermediate times, Time (ns)

radiation transport reduces the contrast between the wall and
laser hot ring and the asymmetry is reduds@nal ratios FIG. 10. Comparison between calculated and experimental pole-
tend toward 1 At still later times, the wall plasma flow to-equator signal ratios for a methane-filletbhiraum at a laser
tends to move the laser rings toward the LEH, and the sympointing of 1275um (Hohlraum length was 260Qum). The time
metry becomes more pole hot. Also, the wall plasma beginsterval for each circle was 80 ps and the linescans wergr&an

to collide with the bismuth plasma from the ball. This colli- width.
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using the “symmetry capsule” technique also suggests a
shift toward the LEH. In this case the shift is about @
[30]. —+— Data

To understand the time-dependent symmetry better, we 20|—
have conducted a series of reemission ball experiments in —+—_+_—+—‘+‘
methane-filled hohlraums. The PS22 laser pulse was usedg _+_—+-_+'
An example of the calculational symmetry difference be- +
tween vacuum and methane-fillétbhlraumsat a pointing
of 1275 um is shown in Fig. 9. The gas-filled calculation
gives a slightly higher pole hot result for all time. A com-
parison between experiment and theory of the pole-to-
equator symmetry at a pointing of 12%¢8n is displayed in
Fig. 10. One can see that calculation and experiment do not,
agree. In fact, the disagreement is quite large. The experi-
ment shows a stronger pole hot asymmetry early in time. 0.5
Figure 11 gives the comparison at an 114i% pointing. 0.0 0.2 0.4 0.6 0.8 1.0
Again, the disagreement is large, and indicates a strong lase!
shift toward the LEH(pole ho}. These experimental results
are in agreement with “symmetry capsule” core imaging . 11. Comparison between calculated and experimental pole-
results[30], and “thin-wall Hohlrauni data of laser spot  o_equator signal ratios for a methane-filletbhiraum at a laser
position[11]. pointing of 1175um (Hohlraumlength was 240Qum).

A theory has been proposed to account for this observed
“beam deflection” effect as being due to transverse plasmaluring the first 500 ps of a PS22 laser pulse and by “sym-
flow in the presence of filamentation or beam aberrations dumetry capsule” core imaging data that also suggests about a
to hot spots in the laser beaf81,32. The effect requires 100-um shift during the first ns. For Nova measurements, the
both filamentation in the plasma directly heated by the laselaser beams come into thidohlraumat an angle 50° to the
beam and plasma material flowing at sonic velocities out thédohlraum axis. An angular beam shift from 50° to 58° is
laser entrance hole transverse to the laser beam. Hot spotsabout a 10Qxm shift in the laser beam position on thehl-
the laser beams entering thi@hlraumcreate density depres- raum wall. The fully integratedLASNEX calculations were
sions or wells in the heated plasma regions. These densigone with all the physics used in previous calculations, ex-
wells in the filamenting plasma cause an enhanced refractiocept that the laser beam angle to tHehlraum axis which
effect which deflects the laser beam toward the laser entranaeould be 50° without beam deflection was allowed to vary in
hole. This plasma physics effect is not currently in our mod-time. Our best calculational fit to the experimental data at a
eling codes, and limits our ability to successfully modelpointing of 1275um is shown in Fig. 12. To obtain this
these gas-filledHohlraum experiments. result the beam laser rings were moved every 100 ps over the

Assuming that the observed shift in symmetry is the resulfirst 500 ps, and then did not move for the rest of the calcu-
of beam deflection, a series of calculations was performed ttation. The angle of the laser ring was 5@-100 p$, 52°
try to reproduce the observed reemission ball experimentafl01-200 ps 57° (201-300 ps 58° (301-400 ps 56.5°
data. Because we are not aware of any calculations that cg#01-500 ps and 50° thereafter. This suggests that the laser
accurately predict the beam deflection for a typical un-beams are shifted early in time during the first 500 ps, but
smoothed NOVA beam profile, our calculations were notthen return to their original position. This laser type shift is
guided by theory. However, we were guided by “thin wall consistent with “symmetry capsule” core imaging dfBg).
Hohlraum’ imaging data[14] that suggests a 10@m shift  Because the gold wall plasma is beginning to stagnate

X Calculation

Pole-to-equator signal rati
b

time (ns)

30 |~ —$-Data 0

° [ Calculation

E O H

g g

g +&+% + 3

§ 20 — :

) @

: Tt gt

‘? D _+_ 00 01 02 03 04 05

:'Oj _+_ Time (ns)
1.0 L | | I |

0.0 0.2 0.4 0.6 0.8 1.0

Time (ns)

FIG. 12. Laser shift needed to reproduce the methane-fill@dlraum symmetry data at the 127&m pointing. The resulting pole-to-
equator signal ratio is also shown. This result was guided by thin-wall and symmetry capsule data.
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_ _ FIG. 14. Relative amplitude of the first 12 even Legendre modes
FIG. 13. An example of an azimuthal linescan from the 1275¢oy the azimuthal linescan shown in Fig. 13.

pm laser pointing methane data. The time interval was 80 ps and

this frame was about 400 ps into the laser pulse. The linescan width
was 50.m. were based on the second approach.

In the second approach, a modal analysis was done for
gach frame giving a result similar to that shown in Fig. 14.
/e observed that by mode 8 the mode amplitude leveled off,
and all higher modes were smaller or had roughly the same
amplitude. This is indicative of the noise level in the experi-
ment. As a result, we used this result to bound the error for

The best method for determining the symmetry from thethe coefficients. For Fig. 14 the error amplitude*i§.1, and
reemission ball signal is to use azimuthal linescans takefp Similar to other frames. Using this method the error in the
along the limb brightened edge of the ball. In the past thi®1: P2, and P, coefficients is 20%, 10%, and 25-100 %,
has been difficult because of camera misalignment problemé&espectively. The large error fét4 is due to the fact that at
Because of this problem a large fraction of the linescan wagarly time the coefficient was about the noise level.
missing, making it impossible to do an analysis in this way. There was also a timing error. The absolute timing for a
As a result, pole-to-pole and pole-to-equator signal ratioNOVA laser shot is unknown to about 50—-100 ps. If theory
were used. Our most recent experiments have allowed us &d experiment closely agree, this timing uncertainty can be
perform an azimuthal linescan analysis. A gt width was ~ reduced by aligning in time experimental and theoretical
chosen, and the linescans were processed WEISGHRINK data. This was done in Figs. 6—8. Because theory and experi-
with a wedge correction and median filtering. An example ofment disagree, this cannot be done for the results shown in
the PDSSHRINKlinescan is shown in Fig. 13. This signal was Figs. 10, 11, 15, and 16.
produced in a 80-ps time interval and occurred about 400 ps Using the signal ratios foP, (Fig. 15, the radiation tem-
into the laser pulse. The final processing step was done usirRprature profile for aHohlraum and laser profile like this
MATHEMATICA software[33]. A Legendre analysis was done Shot(Fig. 1), and the relationship between radiation tempera-
for every lineout not affected by misalignment or other prob-ture and signal ratiaFig. 4), the incident radiation flux
lems. For the lineout shown in Fig. 13, the first 14 even@symmetry can be estimated. TRg result for this shot is
Legendre modes are shown in Fig. 14. This is typical of the
other linescans. The4, P,, andP, experimental Legendre
coefficients for a methane filletlohlraum at a 1275um
laser pointing is shown in Fig. 15. Error bars are not included
in the figure.

Two approaches were used to determine the error associ
ated with the Legendre coefficients of the signal. The first
approach involved the method used to create the azimutha
linescans. We chose a %6n width because the linescans
were insensitive to a plus or minus 20n change about this
width. However, slight changes did occur. In addition, there
were small uncertainties in the linescan center point. To
bound the error value foP,, P,, andP,, 2-3 slightly dif-
ferent (different width or center pointazimuthal linescans
were taken for each frame. The variation in the coefficients FIG. 15.P,, P,, andP, Legendre coefficients for the methane-
could be used to bound the signal values for the differentilled Hohlraumat the 1275«m laser pointing. Error bars are not
modes. However, larger error values, the ones used hershown but are discussed in detail in the text.

against the ball plasma at about 800 ps, the reemit data
suspect after 800 ps.

V. MODAL ANALYSIS—FLUX ASYMMETRY
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Both azimuthal linescans and pole-to-equator signal ratios of
the ball image have been shown to be effective in estimating

H E flux asymmetries.

200 — ]{ E E \ Detailed comparisons between calculated and experimen-

E E \_ tal signal ratios indicate that we can predict asymme-

B L vallsagnaton " try in vacuum Hohlraums However, methane-filledHohl-
raum data does not agree with our calculations. Plasma
E theory[31] and simulationg32] suggest thatASNEX does

E not contain the necessary physics to account for the laser
beam shift suggested by our methane-fillddhlraum ex-

- periments. Assuming that the Q8w shift in the symmetry

capsule methane results is due to a laser pointing shift to-

ward the LEH, the reemission data suggests that it occurs

during the first 500 ps with a maximum shift angle of 8°. The

laser beam movement suggested by reemission ball agrees

with implosion results using “symmetry capsule” and

FIG. 16. CalculatedP, flux asymmetry from the radiation tem- “standard capsule” teChniq,ue{QG]' . .
perature profile and the, Legendre coefficients given in Fig. Land W& have shown that azimuthal lineouts of experimental

15, respectively. There is about a 20% uncertainty in the estimategignals allows the measurement of thg P,, andP, Leg-
radiation flux asymmetry. endre components of the signal ratios. We have also shown
that knowledge of thddohlraum radiation temperature and

given in Fig. 16. In addition to the timing uncertainty of these signal ratios can than be used to estimatéPhé>,,
50-100 ps and a signal uncertainty of 10%, there are uncefnd P, Legendre components of the radiation flux asymme-
tainties in the radiation temporal profile used to calculate thdry-
P, flux asymmetry shown in Fig. 16. Temperature measure- Our future plans include studying the reproducibility of
ments like that given in Fig. 1 have a 5-10 eV error bar.the P4 results, and developing a diagnostic that incorporates
Further, because the temperature measurement is made wifigatures of the reemission ball and “symmetry capsule” con-
out a capsule, an additional uncertainty must be added. Ur¢epts.
like a standard CH capsule that has a low albedo, bismuth
has a very high albedo and will not affect the radiation tem- ACKNOWLEDGMENTS
perature nearly as much. Our calculations suggest that the
effect is less than 5 eV. Thus, the temperature error due to We would like to acknowledge the LANL target fabrica-
the bismuth ball should be small. If we assume the error irfion group which includes L. Foreman, P. Gobby, V. Gomez,
the radiation temperature is 10 eV, there is an additional 1094- Moore, and K. Gifford, for their efforts in making and
error in theP, coefficients. The signal and temperature er-assembling the reemission targets. The authors acknowledge
rors combine to give a 20% uncertainty in the estimatedhe technical assistance of S. Evans, T. SEdi“O, T. ArChUIeta,
time_dependent radiation flux asymmetry, and this is de.and G. Peterson. The authors would like to aCknOWIedge L.
picted in Fig. 16. Suter, D. Harris, G. Pollack, and R. Turner for useful discus-
sions on the experimental design. We also acknowledge R.
Ehrlich for assistance with the production of precision en-
ergy balance on NOVA. We would also like to acknowledge
We have shown that the reemission ball design is an efthe assistance of personnel at the NOVA laser facility at the
fective technique for measuring time resolved drive symmeLawrence Livermore National Laboratory. This work was
try during the foot(low temperature 100—160 ¢\f a laser  performed under the auspices of the U.S. Department of En-
pulse for an irradiated vacuum or methane fillddhlraum ergy.
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