SAND2012- 3872P

-t

~ mplosion and Stagnation Dynamics of Large
~. . Diameter Wire Array Radiation Sources on Z

D.J. Ampleford et al.

Large diameter z-pinches Ablation and Stagnation of Optimization of
as multi-keV RES sources implosion dynamics plasma on the axis K-shell yield

= Bright multi-keV sources are valuable = Self-emission imaging!s! shows = Spectroscopy measures velocity = Detalled source optimization
for radiation effects experiments!!! evolution of implosion!* up to stagnation(*©.7 experiments performed!®°!

See talks by B. Jones, N. Moore, T. Flanagan e 277eV shows bulk mass ° Time- and space-resolved °* Mass and diameter variations identify
K-shell emitting wire arrays have historically Pinhole image using monochromatic mirror spectrometer looking at Fe L-shell optimum for each material

een shown fo be efficient multi-keVisources Hollow shell converges on axes * Doppler split determines velocity flaminum (F2keV) - Stainigss Steel (6. 7kel)
~ully understanding the implosion dynamics . . : 2 ——— T
facilitates optimization and control >5keV shows K-shell emitting region - - E o] N Q Q -
= [ arge temperatures are redguired to Filtered pinhole image 3k 2 g = s E o e T
J P .. . .. Narrow hot column appears on axis = A P—— Eiﬁ romm
produce K-shell emission efficiently! . — L ..... _... i Radaly 1 £
“ I T & T % = e shell . line < : 0 G 05-35 90 95 100 105 110
High implosion velocities 205 | wf f 3 ; il 3 1 M S é : oo R 2 "o =
> 1000 ks < ol ) 1 |- g S ‘o R £ o T 65mm | izt
l %105 22ns 1.2ns -0.2ns +0.8ns '1.8ns 2.7ns K Z %iz - 12:
High electE()Frelthe(/nperatures %L ‘ | " ‘ | P i | | 3 | ey i = Z ok 5w T SRR N
j LI : S IR S R AR S Tl = MHD, atomic physics and
jLT—— LT — - TR S e T aas s frra-a () I — —
— N ETRRT éﬁtmlzs mb_sé 35. 40 . Deceleratl()n frOm 40 tO Zocm/US SpeCtrOSCOpy gu|de development[S]
10 or 1005 of kJ at few keV ottt e A B Deta| | ed an a|yS 1S Oof 1M ag es IN the few ns before peak X-rays

°* Hotter pinch seen for faster Implosion

J.P. Ap etal., 09mmSSP h[lO]

: icsl4] _ .
= Different approaches are used to identifies ker _detalls OT dynamics " K-shell spectroscopy shows e o \\/
prOVIde dlfferent photon energles ¢ Harder emission (blue) 1S Surrounded heatlng durlng COmpreSSIOn g 0:6: %e':':ncr;';;j:e M 21996 \%:,25 -
* Wire array z-pinches (Al, SS, Cu) by bulk of mass (rec) * Ly-aisincreasing compared to He-a g <
! L Consistent with leading edge being heated . ConS|stent with rise in temperature 5 oz
o & 0.0 s
Gas prfS (Ar’ Kr) [See C. Jenn ngS pOSter] o K_She” Column FWHM decreases S EaSEEsareresmn 1'7Wavel8engthl(2\) 20 a
et Either compression or shock propagation g ﬁ 0_3_2 - pi = Considerable free-bound continuum
IS radiated by Al implosion
A 20| T B 1 . A * Characterized on Z for 0.8-20keV
oo ][ 7 s Cosnom Jramonmem 2 15 gL * Shape very reproducible
o0 e WY B DNETY R Bt Poog | ] . . . Haveengh Pinhole image shows very unstable pinch
£5 MM W Z IR ‘SR B = Width of optically-thin K-shell g -
S5 19 Kr El -, P : : .. : fone . | |
2 M 1 L] . Lo lines set limit on ion temperature o *
n -] NI 01:%5 11'4J£ "y 'z'oA 22 24 i) 4 '
A TS Y S S R T T ' * Narrow Mn He-a limits T; < 30keV = k.
= Wire array implosion consists of many Any radial motion will lower this e T L

---------- = MHD simulations recover similar Shape consistent with radial motion Y Ategod

p h aS eS ' . . r \ : Velocity and ion temperatures ' f simulati - - -
—rry dvnamicsi® [see C. Jenninas poster g AT erenaditenen | @ Detailed understanding has enabled!(?]
® Ab I atl on 1wl T e ' y . g p T ] H %0 ' ' ' 14 Simulated line (just Doppler)
e G 3D MHD cod led e : R * Stainless Steel sourcel'!
o 10Si orgon codes coupled to s o = &
Implosion R | 2 8 .
| s tabulated emissivity | = S o Radiates ~73kJ at >5keV
® S . = —— 2011-PCD05A31040 : /N\ 277eV S ] E d - .
tagnation JRE A G S Y o ASIPSGIE S I T i | : ) Used in 18 dedicated RES tests
. o § . ; J J *j‘ A f‘: . *{ -':'-' L%&E&'Egﬁ? = = — 'gth ot 'z 2% & 10 20 O‘
SP— ] \ y ,; x 3 o ' l’ - b g 20- omaoms | 1090 = Velocity (cm/us) -4 - ® AI S O u rC e[12]
gy 3 § , ] . ONA [ 1le-3
ll:;?](.jfr:o::efiige;t.st:euSrchj.sE. Cuneo, et al. ° 2960 29I80/ 3000 3020 3040 3060 3080 3100 3120 ‘ ] .- '-. ’ i ' 9 § E “ l:" 15- 012 <DE 4 % . G O rg O n S I m u I a't ed d I ag n O S tl C S .
p z 2 2 2 A I i 4 - ] a2 ] 4 - 1 a 3 4 - B a F 4 - 3 P 3 4 —m b 0-10v q)
ST S e S TR i f ty with Doppl SE R €Y
C. A. Jennings, S.B. Hansen,_C.W. Nakhleh, E.M. Waisma_n, etal. _ > 5 keV v f " : g ] L . c). I n e S p eC I I C e m I S S IVI y WI O p p er
References - . \ X 0.06 {2 . Y ;
) ?!.3[.22.EZieTEZﬁ?ETHVAFF'LZ.LffJ” g Aﬁruit:stzbfe Esgféf;{a(\gjfr?ﬁgrﬂ)'nm 1. D.J. Ampleford et al., HEART conference 2012; D.J. Ampleford et | . 2 ‘T . B : = 5] - N_A -0.04'(2E = : Used in 12 dedicated RES tests
J.P. Chittenden et al. (Imperial College) al., submitted to Journal f)f Rad. Effects R.esearch & Eng. V. N [ ’ : ? ‘ = ¢ 10.02<2 = 5 NO Sat9| I IteS
Radiation Effects Testing on Z 2. C.A. Coverdale et al., H_|gh Energy Density Phys. 6, 143 (2010) f 1 i ; ; ! * ) 8 0 S éoo = v % A a
3. B.Jones et al., Rev. Sci. Intrum. 79, 10E906 (2008 v : ; ) , : . ' - H
o e, T O o S s D.Beur RATBS S| | 5 amptord . . Cond o Panascira 5 st SUISER SN N T ‘ Shows similar width to data, and mostly = Planning is underway for 13keV and
D.C. Lamppa, J. McKenney, M. Jobe, P. Cunningham, G. Torres, R. Mock, G. Denison 5. C.JeniposS ciggy D(.ense Jprinch con'ference (208 ' 3
it - & B one it it il R °* Simulation s h OWS COm p ression from bulk motion not ion temperature >15 k eV sources
Z. facilit’y a.md e 8. D.J. Ampleford et al, Int. Conf. on Plasma Science (2010)
M. Jones, AR Laspe, 6. Rochau, P LaksiDieisoiictal 1050, Aphuzeaeies AR ARV A WYYE S * K-shell emission occurs at leading edge
11. D.J. Ampleford et al., in preparation for Phys. Plasmas
12. D.J. Ampleford et al., Int. Conf. on Plasma Science (2012) m m W

U.S. DEPARTMENT OF
///A ' Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed
a @ j E N ERGY ///’ v A D- Martin Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.
SAND No. 2011-XXXXP




