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The model includes the following

A transmission-line-circuit model of the Z i The Z circuit model is consistent with experiments ]
. . | . . - . . : - 0
accelerator has been developed. sources of current loss within the /Load using a variety of inner MITL and load configurations.|Load configuration gap
o - _ vacuum redion of Z i _ _ - MagLIF — 10-mm-tall liner 7.2 nH 3 mm
= The circuit uses 0D, 1D, and 2D transmission line elements to g - : = Measured and simulated insulator-stack currents agree to within 2%. MagLIF — 7.5-mm-tall liner 64nH | 3mm
model the entire accelerator from Z's 36 Marxes to the insulator = Electron emission from cathode surfaces: | = Measured and simulated load-implosion times agree to within 2 ns. Washington - MagLIF feedwitha | o, . | 5
stack, MITL system, vacuum-post-hole convolute, and load. T ) ectric fiald ds 240 Vlem. | Shot 2560 — large-diameter heavy liner |
. . L ° Turns on when electric field exceeds cm. 0 0 .
+ The model was implemented using the Bertha transmission line [Di Capua and Pelinen, J. Appl. Phys. 50, 3713 (1979) e IR B = R Lincoln ET! 2301 | 4mm
Hed J. . . 50, 25 [-----Sim Stack Current e - |----Sim Stack Current - Low-in nce MagLIF ~5 nH -4 mm
circuit code. ° Prior to magnetic insulation, loss current is given by space- . [ ---Sim Load Current ¥ _ | --Sim Load Current 3 o quaa e = =
: . : 9 ! 9 ysp < 20 M peak load current:25.5 MA -4 < - load current:22.6 MA E Dynamic hohlraum 2.8 nH 6 mm
= Simulations run in less than 30 seconds on a desktop computer. charge limited emission. S | [ stack fit0.9% 3 = " Fstack fit:0.9% : P ——
= Th del i d f hot e e e : " . _ s [ short-circuit 1 8 1o £ short-circuit - “MM-ClAMELer WhGSten-wire 27nH | 7mm
€ model 1S usea for pre-snot analysis 10 design experiments * After magnetic insulation, electron flow current calculated as 5 10 [ standard 1 & [ long pulse : array
and provide a prediction for the load-current time history, and the average between the collisionless and collisional MITL- 5 £ pulse 4 5F E /0-mm-diameter stainless-steel- |, . | o0
pOSt'ShOt anaIyS|S to pI‘OVIde a Oad-CurI‘ent measurement. electron_ﬂow mOdels_ [Phys. Rev. ST Accel. Beams 9, 090401 (2006)] 0 E N S i O S S S S S —E. 0 :|...||...|.|'.".".'rr."n'rrr'.'rrrrri'rrfrrf‘rrrr‘.“ﬁ‘m‘rf I: \|/V|;e c'::rray hort-ci it load 15 nH 6
: . N I't-CIr 0 N mm
= We are presently developing a physics-based model of current 13 7 PO Fmems o O TR Amers . e,
!oss within the Z vacuum section, 1o allow us to design loads with I = . inductive short-circuit load
improved current delivery. 16 LanodeZmrTL Shot 2759 Shot 1992 Shot 2236
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= The current loss model simulates electron emission from = |on emission from anode surfaces: o5 [ 4 Stack Current N g F oG Stack Curent 1 g [ g Stack Current ; y
cathode surfaces, ion emission from anode surfaces, and the i o _ £ ---"Sim Load Current “7 g _ 7 f---Sim Load Current 1 _ ° [r+Sim Load Current frwim,
. : * lons emission from an anode surfaces within the < 20 peak load current:24.5 MA/ ER 15 [_Ppeak load current:19.8 MA I 15 [_Ppeak load current:19.1 MA _': /7 [
formation and evolution of electrode plasmas. convolute and inner MITL after the temperature has S | | stackfit:1.3% ¢ 3 = " Estack it0.5% 4 = 19 Fstack it:0.9% M P | I
. | st dynamic- 2 S oL S 1o [ Stainless-steel _ _
Increased by 400 K. [Cuneo, Ph.D. thesis, (1989); Sanford et al., 5 10 hohlraum 3 [ tungsten wire- 3 [ wire-array 70-mm stainless wire array
J. Appl. Phys. 66, 10 (1989)] 9B2(t) E fouws 5 - shot Sim: 3101.0 ns 5 [ array shot ' Sim: 3099.9 ns S [ shot g s|r2 3080.4 ns , 7 ‘
. - u - - 3098.7 - 7 3079.5 — =
7 7 " ° The anOde-Surface temperature Increases due to OhmIC AT — 2 I Cv AVOW OSS dt 0 :"'ﬁl —— |||Jf||||Z.f31|01.0nS 0 - T ||’|1||||1|||n|S 0 - I ’mT"”|""’I""i”"l’"ifm’l ””” o o |rTS | J»[
“ y{a“ |F TN A heating and energy deposition by MITL-flow electrons HoCv 5 cost TP dmee T T T e T T T mee o ETT ul
| l, ZLUS - 1 that impact the anode. [Knoepfel (2000); NIST ESTAR data] i Z_q .y wire array load
| , * lon-current loss Is assumed to be space-charge-limited, Lonloss = _On A > . Shot 2591 . Shot 2707 - Shot 2948
and Is estimated using the non-relativistic Child-Langmuir E N M d e é_—é.StaSL:k (f(u(r:rentl E e é_—éStaéck C;,(u(r:rentl j e é_—é.Staslck (E(u(r:rentl E Lincoln ETI
expression. [Child, Phys. Rev. (1911); Langmuir, Phys. Rev. (1913)] 77 LT3 Load Current Y7 I3 Load Current S EISim Load Current ; | |
(K & - o'~ ey ,‘ - o _ 3 = 20 —peak load current:18.7 MA 3 £ 20 —peak load current:17.7 MA .3 = 20 Epeak load current:19.7 MA ot | ,
b= . [lo- = > | °* The space charge limited ion current can be enhanced n(t) = Zk”i Iqow dt T = g [ Stackit11% 1S gpsteckiition /e 5 T g EStack it % LR Al
' Lot \' due to electron-flow charge that accumulates within the €0 : E M_";‘r?“'; th’t t . E M.";‘r?"”iOShOt £ first-generation  / 7 1 b% v 7\/\’;
- : - With a /7.o-mm- /.- - WITN a -mm- o u - ' ~ BB A
convolute and inner MITL. [Langmuir, Phys. Rev. (1929); o gl o o pmnas ° :\‘/’I‘;"g'i‘ldlz“g:‘%r:ce Za 7 4 ﬁ / ,\/ b
Desjarlais, Phys. Rev. Lett. (1987)] : A SR307 00 z A7 S 31007 s z A7 SE 38T [ ‘
. i 0 :"'|"—| T — '|_.T‘|1||||f|||| 0 = T N B "F'T‘||||| """" - [ O a T N N |"'-T.""|""1""l""'l""l""'l""f""l""l'""l""l =
= Formation and evolution of electrode plasmas: | - : | %00 2960 3000 3060 %00 2850 3000 3050 3100 2900 2950 000 3050 K
' _ <+—ExB electron flow
intermediate-store - transmission ° CathOde plasma expanSIOn rate Of 1.1 Cm/IJS. V I I 30 T |S|h|0t|3$)5|1 I I B B — 30 [ |Sr|101|: 3|0715 —T 1 T T 30 T |S|h|0t|2|61|6| [T T T 7
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- tiggered  (PFL) "' (OTL1) pre.puise water water . transmission * Anode plasma expansion within the convolute and inner = o E.L--Sim Load Current 2Ny o g boSim Load Current E e U e S
generator gas switch teh convolute lines (MITLSs) % 20 __peak load current:22.8 MA, : % 20 Fpeak load current:15.8 MA ] % 20 Cload current:21.4 MA 3
(LTGS) SWItChes MITL. = 5 b - stack fit:1.3% E .5 - stack fit:1.8% PO B gy - stack fit:1.0% 1 € 03 -
Cross section of the Z accelerator 2 10; large diameter / i O . - small diameter S G- o - Lincoln ETI =
: : . : 3 'Y F MagLIF shot 4 3 'Y £ MagLIF shot o ' Eshot 4 2 02 -
Several ion diode model parameters were optimized using a 5 ZEN 5 ro 5 , E: .
- / im: 3118.9 ns - /. Sim: 3085.8 ns - { @ 01 | Lincoln ETI
OTL2 &. p arti C I e Swar m O pti m i Zati O n teC h n i q u e 0 - T |‘|‘|1||||1Z|:3|1|20|.01n|5 | 0 - T T R Y ‘l.-l—"l"flllz:lso|84|.5|nsl 0 - [ N ||"|'1||||1||||1|_:| E - Shot
Water Stack & Vacuum 2900 2950 3000 3050 3100 2900 2950 3000 3050 2900 2950 _(FOOO( )3050 3100 — 0 | |
T - Time (ns) Time (ns) ime (ns
Marx IS PFL OTL1 Convolute; MITLs Convolute; Load imizati i T optimization o 3000 3050 3100
| | | | | | | = The optimization was used to determine circuit-model parameter rasult cylindrical liner load Time (ns)
Upper | | | several model parameters that were not outer-MITL flow charge lost in the _ _ _ o _ _ _
voute [ f— FE ; constrained based on published data. ow chlare 85% The simulation results are insensitive to random error in the ion-diode model
x18 | | | | | . . . . . .
(18) | | | | | = The optimized parameters determined the outer-MITL flow charge accumulated in 4% parameter optimization.
o : the convolute _ _ _ _ . _ _ _ .
| | | | | ‘ distribution of outer MITL electron tlow current _ = Random error in the simulated load current and simulated implosion time was determined from simulations
| | | | asma velocities, and ion current -
Module W | ' | P ’ outer-MITL flow charge accumulated in 0 = Simulated load current typically varied less than 2% (10) over 20 optimization runs
(x18) | | | | | | | enhancement. the foed 1% typically (10) 200p -
: : . . . . . ) Shot 2759 - Dynamic Hohlraum Shot 1992 - Tungsten Wire Array Shot 2591 - Standard MagLIF, 7.5 mm
LTGS Main  Pre-Pulse = The parameters were optimized to the overall electron-impact angle (from anode 82 degrees 0 T 3% 25 | joad curent (averags) 5% D ) 4%
WS WS - . normal) o5 | 3?1 gurren average e — :)/a1curren average
0-D 1-D S 5D 1-D S stack current fit, stack current at stagnation, B o 20 | i SaA A% 5 |0 2
_ _ _ and stagnation timing from six Z shots. anode-plasma-expansion velocity (feed) | 3.7 cm/us S20 | —percento P S 15 L—percento 3% S | percento
Block diagram of the Z circuit model o . _ _ §'° 5 \ 5" 2%
= The results of the optlmlzatlon are applled to anode-plasma-expansion velocity 17 em/us 310 1% 3 10 2% 3
all of the simulated Z shots. (convolute) g 5 5 1% ” "
: 0 0% 0 0% 0 0%
u.s. DEPARTMENT OF VNN . ,-. |on—charge enhancement constant 1.3 2900 2950 3000 3050 3100 2900 2950 3000 3050 3100 2900 2950 3000 3050 3100

E N E RGY ///’ v Sandia National Laborator a multi-mission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell International, Inc., for
the U.S. De rtm nt fE s National N I ar Security Administration under contract DE-NA0003525. . . .
A Dﬂd ﬂ epa eray's y Time (ns) Time (ns) Time (ns)




