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New experimental results describing the dynamics tfi®capsule implosions, performed at the 60
beam direct-drive OMEGA laser systdf R. Boehlyet al, Opt. Commun133 495(1997], are
presented. The capsules, nominally 94 in diameter and with 20—2#m thick CH shells, were

filled with 18 atm D'He gas and irradiated with 23 kJ of UV light. Simultaneous measurements of
D3He burn history, DD burn history, and several time-integratetHé® proton energy spectra
provided new results, such as shock-bang timing, shock-burn duration, evolution of the ion
temperature, and evolution pR andpR asymmetries. The shock-bang time measurements, when
compared to calculation using the 1DAc code[J. Delettrezt al, Phys. Rev. 436, 3926(1987],

indicate that a varying flux limiter is required to explain the data, while the measured shock-burn
duration is significantly shorter than 1D calculations, irrespective of flux limiter. The time evolution

of ion temperatur¢T;(t)] has been inferred from the ratio of the DD and tiHB burn histories,

and a constant temperature is observed during the compression phase. The discrepancy between
experimental data and 1D simulations during the final stages of the compression burn indicates that
mix is significant, especially for the 20 and 24n capsule implosions. Evolution @R and pR
asymmetries show that the averag® grows by a factor of~4-5 from shock-bang to
compression-bang time, and theR asymmetriesi(=1), primarily driven by capsule convergence,
grows ~ 2 times faster than the averag® growth. © 2004 American Institute of Physics.

[DOI: 10.1063/1.1695359

I. INTRODUCTION strength of the BHe shock burn and its clear separation
o from the compression burn, as opposed to other nuclear re-
Shock convergence timing and proper assembly of capactions(DD or DT), allow highly accurate timing measure-
sule mass, as manifested through areal dengi)) €volu-  ants 0 addition, data describing evolutiong® and pR

fuon,_are fundamentally_lmportalrjg for ac_hlevmg _|gn|t|0n in asymmetries of these types of implosions are reported.
inertial confinement fusioflCF).*~> Experimental informa- Inferring pR is accomplished by studying the slowing

tion about implosion dynamics is therefore required both fordOWn of the energetic e protons. Through the use of
understanding how assembly occurs and for critically evalublasma stopping power calculatioﬁéthese energy down-
ating numerical simulations. Without carefully tailored as-cpifts are quantitatively related to the of the plasma ma-
sembly of the fuel, hot-spot ignition planned for the Nat'onalterial. Although mospR and pR asymmetry studies, utiliz-

Ignition F?‘?"'EV(N'F) .(Refs. 1—4}a.nd Fhe Lasgr Mega Joule ing the energetic BHe protons, have been time-integrated
(LMJ) facility” will fail. Hot spot ignition relies on shock . . 8-15 ~3

e studies over the entire 3le burn®~1° D®He proton spectra
convergence (o “ignite” the hot spot, followed by propaga- often show unique signatures pR evolution. In particular
tion and burn of the compressed shell mate{@@mpressive g 9 p P '

burn). The relationship between these events must be undeﬁef' 12 clearly demonstrates that measureth® proton

stood to ensure the success of ICF ignition. To eIucidateSpeCtra have two distinctive features associated with shock

these issues, we report here the first precise measurementsatg’fd compression phases of the implosion. Furthermore, it

shock-bang timing, shock-burn duration, and evolution of theVas suggested in Ref. 13, thgiR asymmetries at

ion temperature of BHe implosions. These measurementscompress'on'bang time, relative to th& asymmetries at

were performed at the 60 beam direct-drive OMEGA IaserShOCk'bang time, have been amplified withouF any phase
systenf For the shock-bang timing studies, the uniquechanges; an effect that was demonstrated later in Ref. 14 for

capsules imploded using a large imposed laser-drive asym-
) metry. In addition, the work described in Ref. 16 combines
b)m‘i)t‘zrd':s'setk'z‘rj”' Am. Phys. Sods, 86 (2003. time-integrated PHe proton spectra with measured DD burn
9Also Visiting Senior Scientist at LLE. history to in_ferpR evolution during the DD burn. That work,
9Also at Department of Mechanical Engineering, Physics and Astronomy. however, did not evaluatpR asymmetries, and was only
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applied to capsule implosions when théH2-shock yield (Refs. 21, 22 that measures the DD burn history as de-
was insignificant in comparison to the compression yield. scribed in Sec. lll. The primary reactions utilized in these

The work described herein extends aspects of the worRXperiments are
described in Refs. 12—16 by combiningHe burn history
data with time-integrated e proton spectra measured si- D+°He—*He(3.6 MeV)+p(14.7 MeV),
multaneously from several directions. This allows highly ac- )
curate studies of the nature ofBe burn from which studies
of shock-bang timing and duration, evolution of ion tempera-  Up to six proton spectrometers, which are described in
ture, evolution ofpR andpR asymmetries for many types of detail in Ref. 9, were simultaneously used for the time-
implosions. This paper is structured as follows: Sec. Il deintegrated measurements of théH2 proton spectrum. The
scribes the experiments, while Sec. Ill describes the datapectrometers were used in the OMEGA target chamber di-
processing and analysis. In Sec. IV, the results are discussegnostic ports TIM1 through TIM4 and TIM6 as shown in
and contrasted to 1D calculations, while Sec. V gives a fewFig. 1. This figure also shows the port locations that were
remarks on planned future activities. Finally, Sec. VI con-used for the PTOTIM5) and the NTD, as well as a set of
cludes the paper. measured PHe proton spectra from adble implosion with

a 27-um thick CH shell(shot 31271
The PTD consists of a 1-mm thick BC422 scintillator

Il. EXPERIMENTS and a thin(about 100um) tantalum filter in front of the

In these experiments, capsules were imploded with a&cintillator for protection against x rays and laser light. An
1-ns square laser pulse shape delivering about 23 kJ of U\bptical system transports the scintillator light produced by
energy on target. All laser beams on OMEGA were smoothedhe D*He protons in the scintillator to a high-speed optical
with SG3 distributed phase plat¥s]-THz, two-dimensional ~ streak camer& located outside the target chamber. The
smoothing by spectral dispersiéhand polarization smooth- BC422 scintillator is positioned 9 cm from the implosion. A
ing using birefringement wedgésthe beam-to-beam energy train of optical fiducial signals is simultaneously recorded for
imbalance was typically 3%—4% rms for these implosions.an accurate timing reference with respect to the laser pulse. A
D3He filled CH capsules with a nominal diameter of 940 drawing of the PTD front end is shown in Fig(a Figure
pm, a nominal fill pressure of 18 atm, and shell thicknes2(b) shows a streaked image recorded by a CCD camera
varying from 20 to 27um were used. These implosions were attached to the streak camera for shot 31271. The horizontal
studied using a proton temporal diagnogRTD) for mea- axis corresponds to time, and the train of optical fiducial
surement of BHe burn history’’ and several proton spec- signals is shown just above the image of the scintillator out-
trometers for measurements of time-integratetH® proton  put. The vertical direction reflects the image of the scintilla-
energy spectra. Additional information about the implosionstor, and the measured signal is averaged across this direction
was obtained from the neutron temporal diagno§id@D) after the signal has been corrected for backgrommeasured

D
D+D—3He(0.82 MeV)+n(2.45 MeV).
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() Implosion 1-mm BC422 must be corrected for the effects causing time dispersion at
Light to i . .

i the PTD. These effects are: Doppler broadening, geometric
4 Ljs-camera broadeningpR evolution, and PTD response. In this context,

100-um Ta filter the PTD position relative to the implosion has to be consid-

ered as well. Basically, the energy spectrum of emittéH®

(b) i f ' ' ' " v protons, born at a particular timeéhas been broadened due to
T WP ) ion temperature and implosion geometry and downshifted in
& — energy due t@R (primarily due to the shell at all timgsAs
u a result of the spectral broadening, thes#B protons will
. arrive at the PTD at different times. Additional spectral
broadening, and the resulting time dispersion, is introduced

10 20 30 40 50 as pR evolves in time,[pR(t)], which is also one of the
, Time [ns] most important physical quantities to characteri&ec.
© F5 Gd0) : : IV C). Temporal broadening is also caused by PTD response.
S n 1 The significance and effects of each process are described in
g Compression detail in the next section.
P S [ i A. Components causing time spread in PTD data
§ 2 ShOCk\ i Although Doppler broadening caused by6 keV ion
E 1+ /\ . temperature T;) (Ref. 12 dominates other effects at shock-
8 0 . ) bang time, it only causes an arrival time spread-@#0 ps at
1.0 15 20 25 30 the PTD. To correct for the arrival time spread caused by
Time [ns] and its evolution, 1D calculations of thE (t), using the

hydrocodetiLAC ,>* were used in the analysi$; was deter-
FIG. 2. (a) Schematic drawing of the PTD front end that is positioned 9 cm mined from the ratio of DD and ¥He reaction rate for con-

from the implosion(b) streaked image recorded by a CCD camera attachedd.t. f | lar D 3H d der th fi
to a streak camera, arid) resulting time history of deconvolved®Ble burn, Iuons of equal molar D and-ie, and under the assumption

which indicates both shock burn and compression burn for shot 31271. Thef @ uniform density and temperature profiles.
PTD front end, shown ira), consists of a 1 mm thick BC422 scintillator The geometric broadening starts to be more significant
and a thin(about 100um) tantalum filter in front of the scintillator for 55 the capsule compresses, and at compression-bang time its
protection against x rays and laser light. A train of optical fiducial signals ibuti h ival ti ' d he PTD is ab
(labeled 4, which is shown just above the image of the scintillator output, is contribution to t _e arrnval tlme s_prea atthe g 's a (_)Ut 30
used for the timing reference. Also indicated in the image is the x-ray com{2S. The geometric broadening is caused by the finite size and
ponent(labeled 1, shock componentlabeled 2, and compression compo- shape of the proton source and shell. Even in a spherical
nent(labeled 3. The vertical direction indicates the image of the scintillator, capsule implosion, protons transverse the compressed shell
and the background corrected signal is averaged across this direction. The " . ! .
resulting time history of the deconvolved signal, as showftjnis in turn at different angles to the shell normal .and thus .travel differ-
a convolution of real BHe burn history, arrival time spread at the PTD ent path lengths through the shell. This results in a range of
caused by several effects as described in Sec. lll, and PTD response. Pestiergy downshifts, which in turn corresponds to an arrival
processing of the deconvolved PTD signal must therefore be performed Bme spread at the PTD. To quantify and correct for this
determine th | #He burn hist Fig. 4b)]. ) . o
etermine the real He burn historysee Fig. 4b)] effect, 3D Monte Carlo calculations were used to distribute
. _ _ o birth location of each proton and its path length in the fuel
in the bottom portion of the_ imagegeometric dlstortlons_,, _and shell, which gives the amount of energy lost and thus the
lator risetime (20ps) and the slow decay time (pCig (Ref. 25 provided information about the size and
(~1.2ns), the burn history is encoded in the leading edge oéhape of the proton source at compression-bang time, and a
the measured signal. The resultingH2 burn history(the  Gaussian source radius €)/of about~35um was used.
deconvolved signal shown in Fig. Zc), is therefore ob-  additional information about the source size was obtained
tained by deconVO|V|ng the effect of the |Ong scintillator de'from other Work{-lvlz which demonstrated that the conver-
cay time from the recorded signal. To obtain the abSO“thence rati®® is a factor 2 smaller at shock-bang than at
timing of the deconvolved signal, all protons were assume@ompression-bang time, indicating a source radius of
to have the energy of 14.3 MeV. The resulting time history of - 70 um at shock-bang time. The evolution of the source
the signal, shown in Fig.(), is in turn a convolution of real  gjze through the BHe burn was estimated from a linear in-
D3He burn hiStOfy, arrival time Spread at the PTD caused bXerpo|ation between these two times.
Several effectS as described in SeC. ”l, and PTD response. The “me evo'ution ObR iS the th”'d Component Causing
The actual proton energy spectra shown in Fig. 1 were usegrival time spread at the PTD. As the capsule compresses,
in the subsequent post processing of the deconvolviédeD ;R and proton energy downshift increase. During the entire
burn history as described in the next section. D%He burn, the proton energy downshift typically varies
from 0.5 MeV (at shock-bang timeto 3.5 MeV (at maxi-
lil. DATA PROCESSING AND ANALYSIS mum compression corresponding to an arrival time spread
To determine time evolution of the®Ble burn from the  of about~ 200 ps, which broadens the real burn history by
deconvolved PTD signal that is shown in FigcR the data ~40%. It is therefore important to determip&(t) and its
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effect on the measured PTD data. Figure 3 shows the arrival Time [ns]
time for protons with energies ranging from 10 to 16 MeV. _ o
Also shown in Fig. 3 is the proton interaction time, which FIG. 4_. (@ Calcplat_eq BHe burn history(solid line) fitted to dgconvolved
. : PTD signal, which is indicated by the error bars, for au@v thick capsule
will be addressed in the next paragraph. implosion (shot 31271 (b) Unfolded D*He burn history compared to the

The last component causing time spread is the PTD redeconvolved PTD signal for the same shot. The effects of the dispersion

sponse. Since the burn history is encoded in the leading ed%‘ﬂiechanis_ms and the initial asgumption_that all protons have energy of_14.3
. V are illustrated by comparing the differences of the two time histories.

Of_th_e mea,sun_ad PTD signal, streak camera response aﬁe deconvolved PTD signal has been normalized to the unfoldiéte D

scintillator risetime~20 ps needs to be corrected for as well purn history to allow for a detailed comparison of the shape of the two time

as the proton interaction time with the scintillator. These ef-histories.

fects have been accounted for in the analysis, and the PTD

light response to protons with energies varying from 10 to 16

MeV is shown in Fig. 3 for a 1.0 mm thick BC422 scintilla-

tor. It is seen in Fig. 3 that the 1 mm scintillator response isfactorily used in this analysis if the shock yield is insignifi-

~40 ps(FWHM) irrespective of proton energy. cantly small, or if the shock component in théHe proton

energy spectrum is excluded.

Having quantified the effects causing time dispersion at
the PTD, the BHe burn history can be inferred from the
deconvolved PTD signal shown in Fig(c2 A semianalyti-

pR(t) was determined by fitting a calculated, time inte- cal forward-fitting technique was used in which a guessed
grated proton spectrum to a measured specttanset of D®He burn history was folded with the components causing
measured spectra is shown in Fig. The best fit was found the arrival time spread at the PT@an averageR(t) was
by minimizing x? between measured and calculated spectraised in this part of the analy§isTwo skewed super Gauss-
by varying the fitting parameters in the function used forians, representing the shock peak and compression peak,
pR(t). Three different types opR(t) functions were tried were used as an initial guess of the redHe burn history
(Lorentzian, a skewed Gaussian, and a higher-degree polgnd folded with the components causing time dispersion. The
nomial), and they gave the same results within the uncertaineonvolution was adjusted to the deconvolved PTD signal
ties. The calculated, time integrated spectrum was congshot 31271, using ax? minimization technique, and the
structed as follows. At a particular timethe birth spectrum  best fit is shown in Fig. @). The effects of the dispersion
of the D’He protons broadens due to ion temperature angnechanisms and the initial assumption that all protons have
implosion geometry, and is downshifted in energy dugRo  an energy of 14.3 MeV are illustrated in Figlbdt in which
Provided that the proton production histofgr D*He burn  unfolded DHe burn history is compared to deconvolved
history) is known, a time integrated 3le proton spectrum PTD signal. The unfolded ¥He burn history can now be
can be determined by summing all proton spectra, each pratsed to infer the fingbR(t) curves by fitting calculated, time
duced at a particular time over the entire BHe burn. How-  integrated proton spectra to measured spectra. An example of
ever, since the real proton production history is not known at resulting set of calculated®Ble proton spectra that have
this point, the DD neutron production history was initially been fitted to the measured spedtirecluding a significant
used in the analysis in a fashion similar to the method deshock componeinis shown in Fig. %) for shot 31271. The
scribed Ref. 16. The NTD measured DD neutron productiorinferredpR(t) curves from these fits, and the unfoldetH
history (which is not sensitive to the shockould be satis- burn history(dotted ling are shown in Fig. &).

B. Determination of pR(t) and D*He burn history
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(shot 31274 The D*He burn history contains a significant shock-burn com-
FIG. 5. (a) Calculated BHe proton spectra, for a 2&m thick capsule ponent in addition to a compression burn, similar to that of DD neutrons. In
implosion (shot 31271, fitted to spectra measured by proton spectrometersthis particular case the total DD yield is60 times larger than the 3le
positioned in TIM1 through TIM6&a reducedy? ranging from 0.7 to 1.0  Yield.
were obtained from these fitb) Unfolded D*He burn history(dotted ling,

and finalpR(t) curves inferred from the fits shown {@). . . . . .
tories contain vast amounts of information about the implo-

sion. Additional information, such as evolution of ion tem-
peratureT,(t), can be determined from the ratio of the DD
and DHe burn histories. Assuming uniform density and tem-
A. Nature of the D *He burn history perature profiles, this ratio is strongly dependent on ion tem-

The D*He burn history strongly depends upon the typeperature allowing an estimate of the avere'fl'g_,f;a).8 Figures
of capsule imploded and the shape and strength of the laséf@—7(c) show the experimentally determine¥j(t)’s for
drive. For these experiments, a strong first shock is gene0 24, and 27um thick capsule implosionblack points,
ated, which elevates the temperature~d00 eV when it respectively. The statlst|_cal accuracy in tlﬁg{t) data for
breaks out at the shell’s inner surface. A second, faster shoc‘?«"gCh capsule type was improved by summing the DD and
subsequently breaks out into the shocked fuel, and coalescBsHe burn history data over a few consecutive shots. A con-
with the first shock before it reaches the center of the imploStant temperature~2—4 keV for the different types of im-
sion. As the shock front, driven by the second wave, move®!0sions is inferred during the compression phase. This ob-
towards the target center, spherical effects further increase ig€Tvation is consistent with previous work that determined a
strength and velocity, and at shock convergence a large fralime averaged ion temperature at compresspn-bangzﬂme.
tion of the kinetic energy is transformed into thermal energy/ISC Shown in Figs. ®@—7(c) is the 1D calculation ofr;(t)
of the ions. This is the onset of the shock burn. Additional(SOlid line), which is determined from the ratio of the two
heating is produced by the reflected shock as it expands odpurn histories. A sharp cutoff flux limiter ot 0.07 was used
wards and thus increases the pressure about an order Hthe 1D cqlgulatgons for 20 and 24m cases, while a sharp
magnitude?” Consequently the e reaction rate increases CUtoff flux _I|m|t.er2 of ~0.06 was used for the 2um case.
for ~100 ps. Eventually as the shock wave expands, i,A_s s.h_own in F|.gs. @—7(c), the exper_|mental data indicate a
gradually loses strengtidue to the spherical geometrgnd significantly hlgherTi(t) than_ predlct'ed for the 20 and
the fuel starts to cool off, thus reducing théHle reaction  24#M capsule lmplosmns during the flnal stages of the com-
rate. As a result, the overall shock-burn duration is typicallyPréssion burn, which suggests that mix is significant in these
100 ps(FWHM). As the capsule compresses during the delYPes of implosions. The 2m capsule implosion indicates
celeration phase, which most notably begins when the re2 smaller discrepancy suggesting that mix is less significant
flected shock impacts the fuel-shell interface, the pressurd? this case.
density, and temperature increase until conditions ar
reached again for #He fusion to occur. This phase is iden-
tified as the compression burn, which occurs a few hundred  The unique strength of the®Ble shock burn and its clear
picoseconds after the shock burn and continues foseparation from the compression burn allow highly accurate
~150-200 ps. shock-bang timing measurements, and thus highly accurate

As shown in Fig. 6, the BHe burn history contains a studies of drive efficiency often characterized by the flux
significant shock-burn component in addition to a compreslimiter. The advantage of this approach is that mix is insig-
sion burn, for a 27um capsule implosioitshot 3127}, that  nificant at shock-bang time, as demonstrated in Ref. 12, al-
is similar to that of DD neutrons. In this case, the total DDlowing accurate comparisons of experimental data and 1D
yield is ~60 times larger than the 3le yield. As indicated calculations. Figures (8 and 8b) contrast the measured
in Fig. 6, the unique strength of the’Be shock burn and its shock-bang time and shock-burn duration, respectively, to
clear separation from the compression burn, as opposed ttD calculations in which different flux limiters were used.
DD shock burn, allow highly accurate measurements of th&Vith the assumption that the laser absorption is correctly
shock-bang timing. computed, a flux limiter of~0.08 and~0.07 is required to

As demonstrated, the measured DD armtHB burn his-  explain the measured shock-bang time for the 20 angia4

IV. RESULTS

%. Shock-bang timing and shock-burn duration
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0 =/——— FIG. 8. Measured shock-bang tinta, and measured shock-burn duration
(b), as functions of shell thickness. The measurements are contrasted to 1D
calculations in which sharp cutoff flux limiters ranging from 0.06 to 0.08
were used. As mix is insignificant during shock burn, accurate comparisons
of measured data and 1D calculations can be performed. A flux limiter of
~0.08 and~0.07 is required to explain the shock-time data for the 20 and
24 um thick capsule implosions, respectively, while a flux limiter closer to
~0.06 must be used to describe the 2m data. Furthermore, measured
shock burn duration cannot be accurately explained by the 1D calculations,
which seem to systematically overestimate the shock-burn duration.

1.5 2.0 25 Sec. lll. The time integrated spectra are recorded from dif-
ferent views of the implosion, allowing for low modé (
<3) pR asymmetries to be determin@dhe evolution of
FIG. 7. Ti(t) determined from the ratio of measured DD antHB burn  pR andpR asymmetries, inferred from spectral and temporal
histories for 20um (a), 24 um (b), and 27um thick capsule implosion&).  measurements, for a 24m thick capsule imploded under
The statistical accuracy in thg(t) data was improved by summing the DD nominally ideal conditions{shot 29841, is plotted in Fig. 9

and D*He burn history data over a few consecutive shots. For th@rf0 . . . . .
case, theT () data is averaged over two shashots 29835 and 29886 [0F different views(dotted lineg, along with a 1D calculation

while theT,(t) data for the thicker capsule implosions is averaged over four(thin solid ling. In addition, Fig. 9 shows the 3le burn
shots(29838—-29841 for the 24m case, and 31271, 31274-31276 for the history for this implosion(thick solid line. As indicated, the

27 um caseé. A constant temperature ef2—4 keV is determined during the 1D calculation agrees with the experimental data at shock-
compression phas@or the different types of implosions The measure-
ments are compared to 1D calculafedt) determined from the ratio of the
burn historiegsolid lineg. A sharp cutoff flux limiter of~0.07 was used in

the 1D calculations for the 20 and the 2 case, while a sharp cutoff flux
limiter of ~0.06 was used for the 2Z4m case. The experimental data
indicate a highef;(t) than predicted during the final stages of the compres-
sion phase for the 20 and 24n capsule implosions, which suggests that
mix is significant in these types of implosions. The 2# capsule implo-

sion indicates a much smaller discrepancy suggesting that mix is less sig-
nificant in this case.

Time [ns]

l(x]IOIS)

—_
h
<

1.5

pR [mg/cmz]
3

w
[}
T

I-

[._s] o181 UOJOI]

thick capsule implosions, respectively, while a flux limiter
closer to~0.06 must be used to describe the/an data. In — PO

. . 1.5 2.0 2.5
addition, the measured shock-burn duration cannot be accu- Time [ns]

rately explained by the 1D calculations that seem to system-

atically overestimate the shock-burn duration. FIG. 9. Evolution ofpR and pR asymmetriegdotted line$ inferred from
experiments for a 24um thick capsule imploded under nominally ideal

. conditions(shot 29841 Also shown is the 1D calculatiofthin solid line),
C. Evolution of pR and pR asymmetry which agrees with the experimental data at shock-bang time, but at

The D*He burn history in combination with several time compression-bang time it overestimates the avepdgievith (~20%). An
’ averagepR growth of ~4-5 times from shock-bang time to compression-

@ntegrated 5H_e proton spectra, prOVideS_ a method fo_r Stlj(_:h/'bang time is observed. The’Be burn history is shown as wefthick solid
ing the evolution opR andpR asymmetries, as described in line).
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' ' ' T ' 14 and 30 the growth of the absolute magnitude of these
— low-mode pR asymmetries, which mainly result from laser
g drive asymmetry(variation in on-target laser intensjtyis
o primarily driven by Bell-Plesset related convergence
E effects®! and the expression for theR asymmetry growth
-3 can be derived from Eq3) in Ref. 30 and expressed as
ApR(t) [Cr(1)—1] (pR(1)) @
B — ApR, — [Cre—1] (pR)s
HereApR(t) is the evolution ofhR asymmetryApRg is the
& pR asymmetry at shock-bang timéy(t) is the time depen-
g dent convergence ratio as defined in Ref. @@R(t)) is the
? 50 evolution of the averaggR, Crg and(pR), are the conver-
: e Shot 29836 gence retio and ayer_agﬁR, respectively, at shock-bang
a -~ Shot 29838 time. Using the definition o€r(t) it can be shown that the
v Shot 29839 convergence ratio is-10 for these types of implosions at
oL ! ! L ! compression-bang time, which is about a factor 2 larger than
0 45 90 135 180 at shock-bang time. With this information in hand, Ef)
Angle © can be written as

FIG. 10. (a) MeasureR as a function of longitudinal angle at shock-bang ApR(t) <pR(t)>
time, (b) and compression-bang time for shots 29836, 29838, and 29839. ~

The overall form of the data, both at shock-bang time and compression-bang ApRq <PR>s '
time, from shots 29836 and 29839 indicate a dominant structure of mode .
I=1 in longitudinal angle, although there are not enough measurements tdicating thatApR should grow~2 times as fast as the

rule out the possibility of higher modes. It is also seen thatpgReasym-  (pR). This is also observed in these experiments, as shown
metries are clearly amplified throughout the implosion without any phasgp, Figs. 1Ga) and 1@b), which illustrates that th(:ApR

changes. ApR growth of ~4-5 times (from shock-bang time to
compression-bang times observed, whilpR asymmetries grow-7—-10 grows about a factor of 2 faster than thﬁR) for shots

times during this time period. The solid and the dashed line are linear inter29836 and 29839. For comparisgR data for a third im-

polations between the points. For comparigeR,data for a third implosion  plosion (shot 29838 is also shown in Figs. 18) and 1@b),

(S:hOt 29838is also shown in which no significant low-mo@g&® asymme- and for this particu|ar imp|05ion no s|gn|f|canR asymme-

tries are observed. tries are observed, both at shock-bang time and compression-
bang time.

4

bang time as also observed in Ref. 16, but at compression-
bang time it overestimates the average by ~20%, which V. FUTURE WORK

is larger than the error in the inferred averag(t) (the Several intriguing avenues exist for advancing this work.
error is typically 5%—10% The averagepR grows by a  First, we will study the evolution of ion temperature at ear-
factor of ~4-5 times from shock-bang time 1o |ier times (during the shock phasaising the method de-
compression-bang time, and a similar trend is observed fogcribed herein. We have also initiated similar studies of the
the other types of implosions. Furthermop® asymmetries  time evolution of fuel-shell mix in*He filled CD capsule
are also observed at shock-bang time for nominally symmetmpjosions. In principle, studies 3He seeded cryogenic,D

ric implosions, and these asymmetries seem to amplifymplosions at OMEGA that utilize these types of measure-
throughout the implosion without any phase changes. A simiments could extend experimental information about the dy-
lar conclusion was suggested in Ref. 13, which compaRd  namics of cryogenic implosions. This type of data would
asymmetries observed at compression-bang time and shockmnificantly improve our understanding of how assembly oc-
bang time, an effect that was demonstrated later in Ref. 14yrs and allow critical evaluations of numerical simulations.
for capsules imploded using a large imposed laser-drivgt also seems plausible that similar measurements could be
asymmetry. The measurgiR is plotted in Figs. 1&) and  performed at the NIF at various phases in the development
10(b) as a function of longitudinal angl@lthough the TIM  an( testing of preignition capsules. In addition, with the ca-
ports are not all on the equajdor shots 2983620 um thick  papility of the PTD to time separate 14.1 MeV neutrons from
capsule, 29838, and 2983%both 24 um thick capsulesat  —20 to 30 MeV tertiary proton® pR evolution and asym-
shock-bang time and compression-bang time. The overalhetries might be discernable for a large class of implosions
form of the data, both at shock-bang time and compressionhat useD—T—3He fills.

bang time, from shots 29836 and 29839 indicate that the

dominant structure has a mode numbet ofl in longitudi- | CONCLUSIONS

nal angle, although there are not enough measurements to

rule out the possibility of higher modes. Both Figs(dGnd Shock-bang timing and proper assembly of capsule
10(b) also clearly demonstrate that the 1 pR asymmetry mass, as manifested througR evolution, have been deter-
grows~7—10 timeg(from shock-bang time to compression- mined for D*He capsule implosions. The primary goal of
bang time without any phase changes. As described in Refsthese experiments was to improve and extend the experimen-
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