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Late-time hohlraum pressure dynamics in supernova remnant experiments
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It is shown that laser driven hohlraums obtain significant internal pressures which affect the
hydrodynamics of high-energy density shock-tube experiments. By incorporating this previously
neglected hohlraum pressure efféct addition to the usual x-ray driyento computer simulations
which model the NOVA laser driven supernova remnant experiniéat P. Drake, S. G.
Glendinning, K. Estabrook, B. A. Remington, R. McCray, R. J. Williams, L. J. Suter, T. B. Smith,
J. J. Carroll lll, R. A. London, and E. Liang, Phys. Rev. L&, 2068(1998], calculations are able

to reproduce the observed structure of hydrodynamic features20@L American Institute of
Physics. [DOI: 10.1063/1.1373416

The NOVA! laser facility has been used to explore theis created which expands the shocked plug material. The
physics of high-energy density plasmas for a number ojected plug material provides a flow of plasma which im-
years. Areas of interest include hydrodynamics of high Mactpacts the end of a cylinder of low density=0.048 g/cn
number shocks as well as Richtmyer—Meshk&M) and  carbon resorcinol foam. Upon impact, a shock is transmitted
Rayleigh—Taylor (RT) instabilities? radiation flow®> and into the foam and the foam compresses. As the foam com-
equations of state—areas which have application to inertigdresses, perturbations of wavelength=100 um and a
fusion and astrophysics. The National Ignition Facility peak—valley amplitude of 4um that were etched into the
(NIF),* once complete, will carry on the tradition of these foam surface begin to grow under the action of a RM like
high-energy density plasma studies. instability at the contact discontinuity between the plug

Experiments in the NOVAand future NIF facility of- ejecta and the foam. At late times,7—10 ns, residual plug
ten involve attaching a small, usually cylindrical, targetmaterial is propelled out of the Au washer in a distinct com-
package to a hole in the side of a much larger gold cylindePressed feature we call the plug remnant.

10 o; ; ; ;

[a hohlraum; see Fig.(4)]. When illuminated on the inner LASNEX™ simulations, described in Ref. 5, success-
surface using high power lasers, the hohlraum becomes fylly reproduced the time the ablative shock broke out of the
source of a fairly uniform field of x rays which drive the plug and the qualitative structure of the forward shock and

target package. In the past, the hohlraum was thought tgontacF discoptinuity region. Quantitatively, the forward
couple energy to the target package only through the x ray ,hOCk n 'the S|mulgt|orlévas ';oo ngf“ vTrsu(?d}(.)Y kmj's
but discrepancies between data of recent long lived hydrod or e_xp_erlments using =U mg CC.S“ am. in a |t|qn, one
namic experiments and simulations suggests othefwise. qualitative feature was not predicted correctly. This was the

Recent work has shown that by adding the effect of golopresence of the plug remnahData from the experiment

; . . show that at late times the plug remnant experienced a
plasma pressure, simulations can be brought into agreement

with the experimental datiln this letter we report our work cr:‘hange n velocny, going from-52 tO.N 82 km/_s, causing it .
to compress against the contact discontinuity as shown in

which |n(\j/0Ives modelmg_ the effle;ts (:jf_ the hohlr_aumbptres-Fig. 1(b). The early simulations of this experiment predicted
sgrelzatp ourd success mt rleso V'I?gf |st<;1repan0|es CWEEY such acceleration. We offer that the discrepancies of the
simulation and experimental resufts for the supernova remﬁ)lug remnant dynamics as seen in the experiments and simu-

H ; 57,9
nant(SNR) expenmen?(ﬁg. D). ) _lations are due to a previously neglected effect of Au plasma
In the SNR experiment, hohlraum x rays, with a rad|a-pressure development inside the hohlrdum.

tion t_emperature _Of” 220 eV, ablate a 20@‘”? thick 2% Imagine that the plug remnant can be considered a disk
brominated  plastic(CsoHagBr) plug of density p=1.22 ¢ material with thicknessH, and densityp, we can esti-
g/cn? which is held to the hohlraum with a Au wash@ig.  ate the time-averaged pressure required to deliver a change

1). The x rays drive a strong shockeak pressure of-50 velocity (Av) to the plug using Newton’s law
Mb) through the plug. When the shock “breaks out” of the

end of the plug, the material is ejected across a AB0gap pHAD
and a rarefaction wave traveling back towards the hohlraum (P)~ B (1)
dElectronic mail: hurricanel@linl.gov where At~L/(v) is the interaction time during which the
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FIG. 1. (a) A typical Nova Scale 1.0 high-energy density experimental
configuration(dimensions and materials shown are those of the SNR experi-
men) (Refs. 5 and ¥. X rays from a laser heated backlighter foil are used to
create an imagéa radiographof the target. A radiograph, taken &t 9.8

ns, for the SNR experiment is shown(in). The forward shockFS), contact
discontinuity(CD), and plug remnantPR) features are labeled.
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plug is propelled down a cylinder of length, of constant Hns)

radius at mean SpEQd) (the Cyl,mder in mind here bemg the FIG. 2. The dotted line i® from Eq.(2). The light solid curve labeled is
Au washer that holds the plastic plug\ssume that once the  he hohiraum radiation temperature pulse shape taken from the SNR experi-

plug remnant is expelled from the cylinder, it obtains a con-ment which is used to calculae as well as drive the CALE simulations.
stant speed and that while it is accelerated its mass is corthe dark solid curve is the pressure history at the plastic—Au interface

stant. From the SNR experiment, the 2% Br p|ug is observe@alculated from a 2D hohlraum-package simulation discussed below.
to have Av~30 km/s, (v)~67 km/s, p~1.5 gleni, H
~100 um, andL ~200 um, thusAt~3 ns and P)~15 Mb,

2 surorisinaly large pressure into a small subarea of the hohlraum wéle., a hot spot
prisingly ‘arge p ’ A then the matter ablation rate from the walls would be re-

Using scaling formulas presented in Lirfdlye can con- duced by a factor ofAn./A,)%425 whereAy is the area of
struct a simple analytic model which suggests how a Iarg(? hs'"w. ' hs

hohlraum pressure develops and is maintained if we neglecpe hot spots and,, is the area of the hohlraum w4l

: S i In addition to the burnoff and ionization effect described
hydrodynamics occurring inside the hohlraum: The mass per ; . o
X above, hydrodynamical actions inside the hohlraum also con-
unit area (M,,) of Au ablated from a hohlraum wall when

subjected to radiation of temperature for a period of time tribute t.o the effective pressure on the plug re_mr(arg., the
is mau(g/cn?)~1.0x 10 ST84 107 eV) 7975 (ng), where stagnation pressure ca_used b_y Au converging on t_he hohl-
tThe un?tus of measﬁre are riven in arenthesis, Au atomrsaum s or the creation of jets of mateyiagimulations
9 P ' .Which attempt to model the fully three-dimension@D)

ejected from the hohlraum wall ionize to a degree approx"hohlraum-package system have been performed in two di-

- 0.4
mated byZ~ 23T, (10" eV). The number of plasma par- - mensiong2D), by treating the hohlraum as an infinitely long
ticles per unit area released from the hohlraum wall is the'?:ylinder and the experimental package as a e Fig. 3.

N(Cm_2)~7-4_>< 10191}2'3(1(_)2 ev)r*7 (ns). Assuming that The 2D C-based arbitrary Lagrangian—Euler{@#ALE)

the hohlraum is a long cylinder of radi&& volume-averaged  5giation hydrodynamics simulaticRsvhich incorporate the

plasma particle pressure is estimated to be hohlraum show that the Au plasma ablated from the inner
P(Mb)~2.4x 10’2T;°"3(102eV) 7%ng)/R(cm) 2) walls of the hohlraum never actually stagnates on the axis

since plasma ablated from the pldglowoff) reaches the
assuming thermodynamic equilibrium. For the SNR experi-axis first. Tabulated material equations of state and opacity
ment R~0.08 cm andT,~2.2<x10? eV at =1 ns, soP  tables are used in this simulation and in the simulations dis-
~4.1 Mb which is significant. A slightly more precise esti- cussed below. The radiation temperature drive used in the
mate of the material pressure is shown in Fig. 2, where aimulation is shown in Fig. 2. Figure 2 also shows the pres-
Thomas—Fermi ionization model is used to calcuZtéin-  sure of the Au-plastic Lagrangian boundary along the sym-
stead of the formula given above; the results do not diffefmetry line of the simulation. A peak pressureRof-27 Mb is
greatly from the estimate written above. In Fig. 2, after 1 nsachieved. The curve labeled hohlraum in Fig. 4 shows the
the pressure is nearly constant in time, an effect due to thelug trajectory calculated using the 2D hohlraum simulation.
cooling of the plasma in time being essentially offset by theAlthough the time average pressure at the contact boundary
continual addition of particles to the hohlraum. The radiationc@lculated from the simulation(®)~13 Mb) is only indi-
temperature history shown in Fig. 2 comes from LASNEX rectly related to the ablation pressure it is reassuring to note
simulations of the hohlraurtt.[The above estimates assume that it is in good agreemertwithin 13%) with the estimate
that radiation is evenly applied to the inside of the hohlraummade using the experimental data and Bq. The volume
wall. If the same amount of radiant energy were concentratedverage pressure computed from the simulatiéh=4.0
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FIG. 3. The effect of the hohlraum on the plug remnant position at 9.5 ns.0 200 400 6008001000 0200 400
The boundary between the CHBr blowoff and Au plasma in the hohlraum ) . . .
has been highlighted with a dashed line. The inset shows the density featur&4C: 5 The figure shows calculated radiographs for CALE simulations at
of a comparison simulation that does not incorporate a hohlraum or th&=10 NS using a hohlraum pressure boundary condition of 2qayJ22 Mb

T
600 800 1000

effects of hohlraum pressure as a boundary condition. The plug-remnariP): 24 Mb (c), and 25 Mb(d). In (a) the critical features are labeled in a

(PR and contact discontinuity featuré8D) in both simulations are labeled. W&y Similar to Fig. 1b). The hohlraum pressure affects the spacing of fea-
The spatial units are in $Qum. tures and the degree of structure in the instability occurring at the contact

discontinuity. Frame(c) appears to best match the position of the plug
remnant. Here the hohlraum would occupy the space to the left. Each image
is 10° um (horizonta) by 1.4x10° um (vertica).

+0.2 Mb aftert=1 n9 is in very good agreemertvithin

2.5% with that calculateda priori from Eq. (2). (In appre-

ciating the _above comparisons, one must keep_in mind that The CALE code has also been used to examine the effect
the simulation does not properly represent the INterpenetrgse opiraum pressure on the detailed fine-structure of the

tion of nearly collisionless plasmas that one would aSSOCiatﬁnstable interfacésee Fig. 5 In the simulation, the x-ray

with hot low-density ablated materigl. radiation is treated as a time dependent temperature source
(seeT shown in Fig. 2 on the left most boundary. Fixed
L ‘ boundary conditions were applied to all sides of the simula-
700.00-] Ik tion domain except for the left boundary which was free. The
1 i hohlraum pressure was applied as a boundary condition on
_ the radiation driveleft) side of the experimental package.
1 + i Figure 5 shows simulated radiographs of the target pack-
age att=10 ns using four different values of the average
_ hohlraum pressure. The pressures used range from 20 to 25
+ E Mb. Fast-Fourier transform&FT9 of the contact surface
Dat:Back o Plu; seen in the experimental radiographic image show that t_he
i dominant wave numbers correspond to wavelengths with
100, 200, and 5Qum with relative spectral powers of 1.0,
0.8, and 0.6, respectively. An irregular spectrum at higher
wave numbers is also present in the experimental radiograph.
The simulations shown in Figs.(@ and particularly &d)
reproduce the long wavelength-60 um) behavior, but do
not reproduce the irregular spectrum at shorter wavelengths.
(It is interesting to note that the gross perturbation amplitude
1 r is linearly related, with negative slope, to the plug remnant-
20000 interface spacing as seen in Fig. 5
500 600 700 800 900 1000  11.00 Measurement of the spike position minus bubble posi-
Hns) tion taken at 50% optical depth gives a measure of the insta-
FIG. 4. Shown are the trajectories of the density peak of the plug remnarpi”ty amplitude. For the SNR experiment &9.8 ns the
verses time as computed with CALE. Using the 24 Mb pressure boundar@mplitude was~50 um while it was 36, 50, and 6am for
condition, the trajectory of the plug remnant is bracketed by data on thghe calculations shown in Figs(lﬁ, 5(c), and %d), respec-
position of the front and back of the pludefined as being 75% of the peak a1y Finally, the trajectory of the plug remnant observed in
density. Another trajectory using a hohlraum pressure of 1 Mb is shown for L. . . .
comparison. The trajectory labeled “hohlraum” comes from the 2D hohl- the 24 Mb constant boundary condition simulatisee Fig.
raum simulation shown in Fig. 3. 4) is very close to that observed from the full hohlraum

Hohlraum

300.00
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simulation discussed above. Overall, Figc)Sprovides the  will take place in the NIF facility since some experiments
best match to the experimental data. proposed for NIF may run for as much as 100 ns.
To examine whether the absence of a beryllium shock-
tube cause the SNR target to _be more sensitive to hOhIrau_'Z\‘CKNOWLEDGMENTS
pressure effects than more typical NOVA shock-tube experi- _ . _ .
ments, simulations of the SNR target that include a hypo-  This work has benefited from conversations with Dr. J.
thetical beryllium sleeve have been performed. These simygdwards, Dr. T. Perry, and Dr. P. Stry. _
lations showed that the modeled hohlraum pressure affected This work was performed under the auspices of the U.S.
the hydrodynamic features in a way identical to that dis-Department of Energy by the University of California
cussed above. We conclude that although the SNR expert-awrence Livermore National Laboratory under Contract
ment exhibits more decompression than a typical NOVANoO. W-7405-Eng-48.
shock tube experiment, it is not overly sensitive to hohlraum
pressure effects. That is, all late-time side-on radiography:e. m. campbell, J. T. Hunt, E. S. Bliss, D. R. Speck, and R. P. Drake,
experiments, with or without a Be tube, may be affected by Rev. Sci. Instrum57, 2101(1986.
this hohlraum p|asma pressure effect. °G. Dimonte and B. A. Remington, Phys. Rev. Latf, 1806(1993.
3 =
In this Letter we have shown that by modeling the hohl- géfsn?fggg S. G. Glendinning, B. A. Hammet al, Phys. Rev. Lett77,
raum plasma pressure we are able to greatly improve they Lindi, phys. Plasmag, 3933(1995.
degree to which simulations reproduce the hydrodynamic’R. P. Drake, S. G. Glendinning, K. Estabrook, B. A. Remington, R. Mc-
features observed in the SNR experiment. Although it has Efaﬁ' R. J-dVé'”'f‘,msr Llﬁhl S;ter, Eﬁ 28025?1’93;' Carroll 1ll, R. A.
. . ondon, an . Llang, yS. ReVv. .

!ong been known that hohlraums fill with plasma, the tamp-e; "\ Logory, P. L. Miller, and P. E. Stry, Astrophys. J., Suph27, 423
ing effect of the plasma pressure has never been considereghoog.
important. Our simulation results suggest that both the grosgR. P. Drake, J. J. Carroll lll, T. B. Smith, P. Keiter, S. G. Glendinning, O.
positions of hydrodynamic features as well as the fine struc- ;ﬁ’gggzrean'é 53:&’28‘;‘; IDD‘h)I?s‘ RF}’IZ;‘;:%SZ&% ?;Orgg‘gmn' R. Wallace, E.
ture of the unstable interface are affected by the r_]ohlraum;B. P. Wilde, M. L. Gimng’S’T. S. Perry, J. M. Foster, P. A. Rosen, M. Fell,
pressure development. Large plasma pressures which exert and J. A. Cobble, Bull. Am. Phys. Soé4, 39 (1999.
significant force on the experimental package do exist andR. P. Drake, J. J. Carroll, K. Estabrook, S. G. Glendinning, B. Remington,
are consistent with 2D simulations which attempt to model, 2"d R- McCray, Astrophys. J. Le&0G, L157 (1998

- .*°G. B. Zimmerman and W. L. Kruer, Comments Plasma Phys. Control.
the cqmple’ge hohlraum-package system. It' is likely that di- gsion2, 51 (1975.
rect simulations that allow fully 3D geometriés.g., Ref. 8  E. Dattolo, L. Suter, M.-C. Monteil, J.-P. Jadaud, N. Dague, S. Glenzer, R.
can C|arify the Comp|ex dynamica| nature of hohlraum pres- Turner, D. Jaraszek, B. Lasinski, C. Decker, O. Landen, and B.

: i« ixn_MacGowan, Phys. Plasm&s 260 (2002.
sure development. The influence of hohlraum pressure is IrrhR. T. Barton, in Numerical Astrophysicsedited by J. M. Centrella,

por_tant for correctly analyzing old NOVA experiments J. M. LeBlanc, and R. L. Bower¢Jones and Bartlett, Boston, 2000
which last for more than 5 ns and for future experiments that pp. 482-497.



