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ots 1641, 1642, 1643 and 1695 were in this feed
geometry

A NIF scale hohlraum
6 mm diam x 5.18 mm long
2 mm diameter shine shield

—

* Lyeoq = 4.0 £ 0.40 nH. Raised to allow backlighter line of sight on Z (which
was not necessary for this experiment).
veenQptimization for ZR might reduce this by 1 to 2 nH.
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g
hot 1736 was in this feed geometry compatible

with two sided drive (MacLaren)

» Lfeed = 3.94 * 0.39 nH. Again raised for backlighter line of sight.
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* Five experiments were performed in these

experimental configurations before Z shut down

Shot Liner Shine Shine Barrier | Press. LOS
Style Shield Shield Thick. (psi)
Thick. Diam. (um)
(um) (mm)

1641 SB 100 2 across
shield

1642 SB 100 2 across
shield

1643 SB 100 2 20° to
side of
shield

1695 SB 2 13 across
shield

1736 B 2 13 across
shield
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%‘641, 1642, 1695, 1736 diagnostics view across the

shine shield

“Top Hat”
< »6.0£0.025 mm
5.16%0.01 mm
Energy, Power, and Spectrum
3 fast pulsed bolometers
Aperture Area Filtered x-ray diode array (XRD)
Time resolved x-ray pinhole framing Total energy and power (TEP)
camera Transmission grating spectrometer (TGS)

shine shield

LOS 29/30

LOS 5/6

« Apertures are ~4.4+0.4 mm? initially
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%43 diagnostics views are rotated by 20° but half of

the region above the shield is still visible

“Top Hat”

» 6.0£0.025 mm

5.16%0.01 mm
Energy, Power and Spectrum
Enerqy, Power, Apertu re Area Aligned 20° from normal to aperture
Aligned 20° from normal to aperture 3_fast pulsed bolometers
Filtered X-ray diode array Filtered x-ray diode array
2 fast pulsed bolometers Total energy and power
Multi-Layer Mirror Framing Camera Transmission grating spectrometer
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+ Apertures are ~4.4+0.4 mm? initially LOS 5/6
* Views might include aperture on opposite side - need to do a 3D layout
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=K 4
*or.nparison of brightness temperatures determined with

time-dependent aperture closure measurements

Implosion Time Base

250 L L 1 ! 1 1 L
" i 1 ¢ All 5 experiments
B 200 . are above 150 eV
“.5* ,|r’Jr\1 ’{' ‘I—TL l{’{\ s * 4 of 5 are above
= ' 11/ ]
2 450} b:mane ":M"‘*j\; 170 eV
'"é-’. ' l q  + ZR experiments are
3 _ _ needed to measure
@ 100 - the hydro-isolation
E ———  Thright1641 | time in the
.-E‘ I Thright1642 ] secondary
m 90 ——  Thright1643
I ————  Thright1695 |
i Thright1736 ]
ﬂ L s 31 ' BT B

75 80 85 90 95 100 105 110
Time {ns = ndia
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A
%ynamic hohlraum driven 6 mm x 7 mm hohlraums

reached 12216 eV in experiments by Sanford et al

T.W.L. Sanford et al., PRL, 83, 5511 (1999)
T.W.L. Sanford et al., PoP, 7, 4669 (2000)

Hahlraum --
Gmm diam

Tram high

FlG. 5 Log density plots of the im-
plodiie tungsten plagma awd foam Tar-
el hovwmg the expansion of the gold
walls of the MiF-scabe hohlranm 1 il
baselme EaMHC model. The two ar-
rows mothe 230 ng plot comespond 1o
the axial location of the bubble and
gpake whose rmdn are plotbed 0 b
d{1¥).

]
B A O A T

Log Densit o - . |
10 tgioe) ; | tmmj
i-m

#—Rimm}10 8 8 4 2 D

+T=122*6eV,P=13+4TW, E =60 * 20 kJ coupled in DH (scales
to 130 eV for 6 mm diam. x 5.18 mm long)

* Probably has marginal hydro-isolation
» Compare these results T~ 170 eV, 170 kJ, 50 TW coupled to

M.E.Cuneo *
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Re-emission Temperature (eV)

i

Ial comparison (Feb 06) of brightness temperature
assumed apertures were 75% open, constant with time

Implosion Time Base

180 [

160 -

140

120

100

80

60 L.

161 eV, 10 psi
rotated hohlraum

136 eV
12 psi

70

80 90
Time (ns)

100

110

This is the preliminary
analysis from Feb 2006.

Hole closure estimated
from raw film and from
Hammer simulations after
ts+5 ns

The temperatures on the
plot for 1641 and 1642 are
quoted at the first plateau
(ts + 5 ns), since we
thought the later ramp
might be the z-pinch
punching through.

The time-dependent
analysis has apertures at
~47% open and quotes
values at ~ts + 11 ns
(except for 1736).

I (i)

Sandia
National _



measured aperture closure

Summary of “peak” brightness temperatures and

February 2006
Shot T “peak” | Tlower (eV) | @ts + Fraction T Fraction
(eV) (Ti filter and A aperture open open
geometric | A (ns) atts +A
method)
1641 157 £ 10 147 10.6 0.47 * 0.11 136 0.75
(A =5 ns)
1642 186 + 17 169 10.6 0.36 £0.12 146 0.75
(A =4.3 ns)
1643 181+ 9 172 10.5 0.49 +0.12 164 0.75
(A =10 ns)
1695 187 £ 13 174 10.9 0.49 +0.12 NA NA
1736 191 £ 10 181 7.3 0.55+0.08 NA NA
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use ns-resistive-bolometry as an intrinsic standard
that is calibrated via known properties of the Ni film

Method for small AT

dT dF
mc,
dt dt
mcpAT
F = T = meCpAT
Ap =oAT = WXAV
(0]

Exact

p(T(t)) =

m (T(t)
Fet _[Ocp(T(t))dT

A 0
I I(t)

e Ni resistivity (uohm-cm)
Hanson Ni resistivity (Rauch measure?)

——Hanson Ni resistivity fit (unknown source)
— p(T) measurement

High quality
vapor deposited
Ni films show
bulk Ni density,
resistivity
and thermal
coefficient

N
(¢}

Ni resi%hm-cm)
N
o

—_
o
T

SU T

I LU I L I LU I L
from High Temperature Institute,
Academy of Sciences of the USSR

| Teplofizika Vysokikh Temperatur, 19, 3, 525(1981) °

5-||
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50 100 150 200 250 300
Temp (C)

350 400

D. L. Hanson et al., BAPS, 25, 890 (1980)
D. L. Hanson et al., BAPS, 26, 910 (1981)
R. B. Spielman et al., Rev. Sci. Inst., 70, 651 (1999)

 These two methods give results
within 5% of each other for
typical AT of 30 to 60° K reached
at 400 to 800 kJ on film

 Typical AT for liners is 5° K at 25
kJ

--e--specific heat (J/g/K)
Cp from NIST Shomate Eq. fit (J/g/K)

——avg Cp = integral(Cp)/AT
——Hanson de/dT (from Touloukian)
0.7 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
- from Thermophysical Properties of Matter
Y. S. Touloukian and E. H. Buyco, 1970 -1
0 65 [ Ni specific heat curves 20 and 23. ]
—_ . from Chase, 1998, NIST-JANAF Thermochemical
e Tables, 4th Ed., J. Phys. Chem. Ref. Data,
B-) - Monograph 9, 1998, 1-1951, http://webbook.nist.gov/cgi/
= [ cbook.cgi?Formula=Ni&Nolon=on&Units=SI&cTC=on o N
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1642 Bolometer Energy Analysis LOS 5/6 (50°)

- AT T

error bars here from average over 18 ns window

T 1 " T rrrrrrrrr" 40
tep a/b avg power1642

e S 32.6 2.2 kJ
“total energy and power” | energyss 0=
a flat energy response Si PIN diode 3F ;"‘:’9'-"'34 T LAY TR T, 30
[ olenergyavg oy Tk
matched to bolometers flat respc&z ————  TEPenergy1642 ﬂ‘ﬂwmﬂll x TS 25.8+1.6 kJ
I ' ' 1 249*1.3kJ
E 2| | 20 =
5 | 1 B
] [ ' ] o
=} [ =
o i I}
1} 410

) / \ : I |
Integral of TEP normalized to bolo b kg gl Mhﬁ_
energy 0 !

:j TR TR T I l

2.50 2.52 2.54 2.56 2.58 2.60 2.62
Time [us)
 Ebolo_avg=27.8+4.2 kJ

» Corrected for photon transmission through Ni bolometer film (assume Tsource = 150 eV) and for
electrons that leave the front and back of the film, Ebolo_avg =29.1 + 4.4 kJ

M.E.Cuneo * 12
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otal energy measured through apertures is 25 to
30 kJ with ns-bolometry

Shot Pressure Energy Instrument Average Energy Initial Aperture Area
(psi) (kJ) (corrected by 1.046,
exclude TGS) (kJ)
1641 ~12 21.4%1.2 Bolo 82 LOS 5/6 22.4 0.0502
26.8%1.6 Bolo 84 LOS 5/6 25.2*4.0
1642 12 24.9%1.3 Bolo 82 LOS 5/6 26.6 £ 0.7 0.0409
25.8%1.6 Bolo 83 LOS 5/6 29.1%+4.4
32.6%2.2 Bolo 84 LOS 5/6
1643 10 22.2%1.0 Bolo 82 LOS 5/6 23.8*1.7 0.04142
24.7%1.5 Bolo 83 LOS 5/6 25437
30.0%1.3 Bolo 84 LOS 5/6
20.9%1.0 Bolo 65 LOS 21/22
23.4%1.2 Bolo 66 LOS 21/22 0.04247
1695 10 21.6%1.1 Bolo 82 LOS 5/6 26.3 5.2 0.04215
28.611.4 Bolo 83 LOS 5/6 28.9%5.9
32.6+1.6 Bolo 84 LOS 5/6
1736 10 25.9%1.3 Bolo 82 LOS 5/6 28.5%1.9 0.04177
28.5%1.4 Bolo 83 LOS 5/6 29.8+27
31.1%1.7 Bolo 84 LOS 5/6

* Error in flux is £15% with element 84, £9% without

+ Bolometer 84 is 23+3% higher than other bolometers

MM

Sandia
National
Laboratories



r is obtained by normalizing XRD and TEP signals to bolometer

energies, and by a spectrally-equalized combination of XRD signals

1643

L L L L
[ —  kim power5al643
r vd power5a1643
3F ———  tep apowerig4a
[ —  tep b poweri643
Spectal Equalized XRD1643

fni(®)

4

10 100 1000 10

P 2 33 =+ 0 09 TW photon energy £ (eV)
c=%3.8%

1

Power {TW)

08¢

06}

fui(Tp)

0.4t

MMN; o2
0 L i L n
et 50 100 150 200 250 300 350

2.535 2.540 2.545 2.550 2555 2.560 Ty, (V)
Time (us)

¥ (108 aA/wm?)

10 100 1000 104
photon energy € (eV)

L
“Grey filter”

varies by 1.5%
100-250 eV

[+

-

(i/A4Pg)

0 L L L
50 100 150 200 250 300 350
Ty (eV)

R. B. Spielman et al., Rev. Sci. Instrum., 70, 651 (1999)
D. L. Fehl et al., Rev. Sci. Instrum., 76, 103504 (2005)
H.C. Ives et al., Phys. Rev. ST A and B, 9, 110401 (2006)

 The TEP has a flat energy response, matched to the Ni bolometer

 The 5 ym Kimfol filtered XRD and TEP signals overlay
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Hole closure data is obtained from filtered time-
resolved x-ray pinhole cameras with 1 ns gates

©[9|©
Y

1642

e v Lt
o SR L b
tn

Area {m mz)

J. L. Porter, BAPS, 42, 1948 (1997)
R. E. Chrien et al., Rev. Sci. Instrum., 70, 557 (1999)
K. L. Baker et al., Phys. Plasmas, 7, 681 (2000)

PN Filter

® Peak_Area_SumPN
® Geom_Argea SumPN 3
# Rm3peak Area 5umPN

ﬂ E 1 1 1 1 1 1]
2530 2535 2540 2545 2550 2555 2580
Time (us)

On ZR we are planning 200 ps gates

 The aperture area is
calculated by:

>l
Area=A p‘i‘e's

pixel
o

* The unattenuated intensity,

l,, is given by:
— peak pixel,
— or by peak removing the
top 3 pixels,
— or by a region averaged
over a 5 pixel x 5 pixel

square region at the
geometric center of the

aperture
'@ @ﬁ:ﬂﬂﬁm



- e gradient of emission along the aperture makes the
proper choice for | the unattenuated intensity uncertain

o _9o 92

mmmmmmm

1642
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* Gradient in emission
along the aperture is 40%
in flux (10% in
temperature)

 Earlier experiments with
much larger hohlraums
had ~10% gradient in flux
across larger apertures

* The intensity at
geometric center may
make more sense - its

like the average intensity
l, ~<I>

>l
Area=A '°|—'

pixel
o
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%‘M What is the proper treatment of the closure data?

The geometric method gives a larger aperture area

PN Filter Ti Filter
BT T T T ] BT T T T T
- #® Peak_Area_5umPN ] . ® Peak_Area_1umTi
Geom_Area_BumPN 3 ® Geom_Area_1umTi
Rm2peak Area SumPN 4F ® Bm3peak_Area 1umTi J
E e 3F
E E |
o o :
o g _f
<L £ 2 -
: 1F
0 : 0 [
2530 2535 2540 2545 2550 2555 2580 2.530
Time (8)

2.535 2.540 2.545 2.550 2.555 2.560
Time {us)}
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A

hat is the proper treatment of the closure data?

The harder filtered 1 yum Ti shows a larger aperture area

1642

Geometric Center Method

#® Geom_Area BumPN
#® Geom_ Area 1umTi

LY L L rrrrr I

Area {mmz)

05 | IS S T T AT T T T T T T T [N TR T T

2.530 2.535 2.540 2.545 2.550 2.555 2.560

Time {us})

Area {(mm’)

Remove Top 3 Method

of. ...

L DL L |
#® Rm3peak_Area_BumPN
® #® Bm3peak Arga TumTi

v

2,530 2.535 2.540 2.545 2.550 2.555 2.560

Time {us)
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he Ti filter samples near the peak of the Planckian

Fliter Transmisslon

0.3

0.6

0.4

0.2

0.0

L0 ) LI LA LA B b
— 1umTi ]
5 um P-N ]
i 170.0 eV Black-Body vs-Energy 1.0
0.8
-10.6
-10.4
_' A Toz
-.../..I A TP B e -0.0
4] 500 10040 1500 2000 2500

» Softer cuts (like the Parylene-N) or the multi-layer-mirror

Energy (eV)

Power{W/m2/eV} x1E15

Power(W/m2){1E15

20

100 [

60
40

20

1umTi
5 um P-N

170.0 eV Black-Body vs Energy

112

411.0

1 PR T

g ot

[+1] o
Power(W/m2/eV} x1E15

el .
o ;
-

—H0.2

lo.0

1.0 1.5
Energy (keV)

camera with reflective crystal show smaller area

2.0

25

I (i)
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A d
} The aperture closure measurements on 1642

overlap with peak emission

12.0

1.6

o 12 &
£
£ <

+4]
& 2
< 08 g

0.4

2.53 2.54 2.55

2.56 2.57
Time {us)



il

—
*‘ The uncertainty in aperture size at t.+5 ns (at
plateau) is ¥10% in flux for 1642

1642

Average Area (2 filters, 2 methods)

Area (mmz)

AverageArea
Geom_Area bumPN
Rm3peak Area 5umPN
Geom_Area TumTi
Rmipeak Area 1umTi
PR [ T S TN T T T [T T T

2,535 2540 2.545 2.550 2.555 2.560

Time {is)

Fraction open and fractional error

Y

0.8
0.6
0.4

0.2

Wd

2.0

1.6

o
Power (TW)

e
to

0.4

100

2.530 2,535 2.540 2.545 2.550 2.555 2.560

Time {us)

« Rapid closure, no late time data, and uncertainty of data treatment degrades
measurement after ~ t.+12 ns

« On ZR extend this window with a circular aperture initially 7 to 10 mm? area, rather

than.elliptical at 4.4 mm?
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#he measured aperture closure on 1642 is smaller

than simulations by about 10% at t.+5 ns

1642
Hammer calculation of A(t)/A, with 170 eV thermal drive
1.0 | L L 1 v .--'-—-‘. ||||||||||||||||||| ] 1.0 [ —
I ® 1 L
0.8 N o 7 0.8 [ 7
s ° 1 =&
8 o ] 8 I
L 06 0.\3' = L 06 =
5 : y : d=) [ )
& ,,g 1 & ;
S oar ' . £ o4y .
® v ®
- ts Nl [ ] 3 .
0.2 A = 0.2 .
: Sy
gy [ Ry ]
: AL i ) S -
ool .. by, I 0.0 ; L 0 O O R S
2.530 2535 2540 2545 2550 2.555 2.56{ 2530 2,535 2540 2.545 2550 2.555 2.560
Time (us) Time (us)

- Average closure rate is 6.1% of the initial area per ns, starting at t_
* We use the average of all four methods (2 filters and 2 estimates for |

o @



e Hammer simulation shows reasonable agreement
with the Ti filter and the geometric center method

%’

1642 Hammer calculation of A(t)/A, with 170 eV thermal drive
Lo - If Ti filters with the
i 1 geometric method is the
0.8 ™ right treatment this means
o that the brightness
§ - g temperatures are closer to
s the lower end of the
& [ quoted error ranges
g 041 -
;*’ i * Need 2D simulations and
0.2 i synthetic aperture pinhole
_ i R VG N\ 1 camera images with actual
oof. ... bl il filters to do better
2530 2535 2540 2545 2550 2.555 2.560

Time (us)
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A
#ak brightness temperature was 186 + 17 eV at ts +

10.6 ns for 1642

Z-pinch on axis punching though the 100 ym shine shield?

\ « Twall

250 [T TN T T T — atts+5ns=149%7 eV
1 1642 ] — atts+10.6 ns =186 + 17 eV

200 |- 1R H,‘ .

‘H».H 1 ¢ Errorin re-emission flux at t.+5
k{.‘ 1 ns is +18%, but at ts+10.6 ns is
oy

&
g
g I
: 3
€ 50l ts p *37%
d L
g [ /—/\ — energy (¥15%)
& [ . ] — power (14%)
: 100" " ] — hole closure (10% to +33%)
5 sof no closure 4 < OnZR improve secondary
[ correction | hohlraum temperature
1 measurements with larger
ol ....... A I I T | circular apertures and using
2.53 2.54 255 | 256 2.57 shock breakout techniques

Time (us)

weaneo-2e - gperture estimated completely closed
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Area (mm®)

T~

A

\ o

e aperture closure data overlaps the time of peak

emission for 1643

1643

Alum_KIMFGL mim34

& Geom_Area_mim34
® Rm3peak_Area_mim34

2.55
Time (18)

Area {m mz)

Average Area {2 methods)

| AL B L L LA R AL B L 0
AverageArea g
[ ® Geom_Area mim3d ]
4 _ —\,\ & Rm3peak_Area_mim3a _
=\ :
: \ ]
af | 3
6,
<
£\
AN
N S Neeereeeeees ]
2.53

2,55
Time (s}

Area (mm?)

5[ 125
A 12.0
3t 15 5
[ L
[ .
- a
| =
2t 1.0 2
1F 105
ol 1 1 1 1 0.0
2.530 2,535 2.540 2.545 2.550 2.555 2.560

Time {us)

* The average closure rate is 4.1% of the area per ns starting
at ts

Sl



eak brightness temperature was 181 £ 9 eV at ts +
10.5 ns for 1643

200 [T T T T _
| 1643 \ 1« Twall
3 : — atts+10.5ns =181 £9 eV

150 -

* Error estimates at peak T
(¥20% in flux)

\“w — energy (£15%)

100 |
[ no closure

Brightness Temperature (eV})

correction
sl — power (*4%)
[ — hole closure (¥12%)
0 I PR [ S T T N T S T T (N TR TR TR TR N T T T PR R T I-
2530 2535 2540 2,545 2550 2,555 2.506
Time (us) T

aperture estimated completely closed
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Area (mmz)

Area (mmz)

h

e aperture closure data does not overlap the time

of peak emission for 1695

PN Filter
5 E T T
F # Geom_Area_SumPN ]
E ® Rm3peak_Area_SumPN
4F 1
3F
2
1F
0 E 1 1 1 1 1
2540 2545 2550 2585 25680 2565 2570
Time (us)
Geometric Center Method
5 E T T T T T
F # Geom_Area_SumPN
o & Geom_Area_1umTi
4F
3F
2
1F
0 E 1 1 1 1 1
2540 2545 2,550 2555 2560 2565 2570

Time {8}

Area (mm?)

Ti Filter
5: T T
® Geom_Area_fumTi 3
[ ® Rma3peak Area_1umTi E
4F
€ 3t
£
o N
2] [
< 2}
1F
DE 1 1 1 1 1 1]
2.540 2,545 2,550 2555 2560 2565 2.570

Time {u:s}

Remove Top 3 Method

# Rm3peak_Area_BumPN
® Rmapeak Area lumTi 3

Time (s}

1 1 1 1 1 1]
2,540 2.545 2.550 2.555 2.560 2.565 2.570

Area (mm?)

12.4

-t
)
Power (TW)

-
[M]

2.54 2.55 2.56 2.57 2.58
Time {us)

 We planned for
the timing of the
identical shot 1643
but the pulse
came 8.3 ns later
than 1643
I () s



power) is * 23% for 1695

e uncertainty in aperture size at ts+10.7 ns (peak

Area (mmz)

Average Area (2 filters, 2 methods)

Average Area \ \

® Geom_ Area SumPN
Rm3peak_Area_SumPN \

L ® Geom Area 1umTi { .

F & Rm3peak_Area 1umTi \

Time (s}

uncertainty

2,545 2,550 2.555 2.560 2.565 2.570

Fraction open and fractional error

1.0

0.0t

08
06
04

02

12.4

10.6

13.0

Power (TW)

lo.0

2.540 2,545 2.550 2.555 2.560 2.565 2.570

Time {us)

» Average closure rate is 4.2% of the initial area per ns
* Hole closure at peak based on extrapolation, thus larger
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A
#ak brightness temperature was 187 £ 13 eV at ts +

10.9 ns for 1695

200 T T TEETTTTT] e Twall
111695 H/HHM“ Z — atts+8 ns =158 £ 8 eV
% 1s0f (}/ Niiis J — Atts+10.9 ns =187 £ 13 eV
Pt fr
g |  Large error in re-emission flux
§ 1oor ! at t.+10.7 ns is ¥28%, because
2 no closure M closure is extrapolated beyond
é [ correction - end of data
5 T | — energy (¥15%)
! - — power (*¥4%)
ol b — hole closure (¥23%)
2.540 2.545 2550 2.555 2560 2.5654 2.570
Time (us)

aperture estimated completely closed
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for shot 1736

The aperture closure data overlaps peak emission

Area {mm’)

Area (mm’)

PN Filter
5: T T T T T
® Geom_Arga_SumPN 3
. # Rm3peak_Area_SumPN ]
4F ]
e SF
£
o [
o _f
< 2f
1F
OE 1
2530 2535 2540 2545 2550 2555 2.680
Time (u8)
Geometric Center Method
5: 1 1 1 1 1 I:
& Geom_Area_SumPN ]
F ® Geom_Area_1umTi
4F
€ 3f
£ ¢
o o
a E
< 2¢
1F
DE 1 1 1 1 1 1]
2530 2535 2540 2.545 2.550 2.555 2560

Time {18}

Ti Filter
5: T T T T T
® Geom_Area_iumTi 3
. ® Rm3peak_Area_lumTi ]
4k
1
0 1
2.530 2.535 2.540 2.545 2.550 2555 2.560
Time {xs}
Remove Top 3 Method
5: T T T T T |:
® Rm3peak_Area_SumPN ]
F [ ] ® Rm3peak_Area_lumTi ]
4k ]
af
DE L
2530 2535 2540 2545 2,550 2555 2560

Time {us)

Area (mm?)

5 T T 4.0
i 1736 |1,
3r 24 5
=
@
3
2t 16 5
1F 108
0 0.0
2.53 2.54 2.55 2.56 2.57
Time {us)

* This is the latest
we acquired
closure data

o @



#he uncertainty in aperture size at ts+7.1 ns (peak

power) is * 14% for 1736

Average Area (2 filters, 2 methods)
o e B i 1.‘3_"""'"""""'"""""'_4.“
@ 5 | .
ab \\ 3 5 08 132
. & - ]
\ O 2 .
“‘E 3F \ 3 & 06 124 &
\ o _ _ =
£ . 2 t =
a
8 neby$ c S z
o 2F \ \ —: 3 0.4 - 1.6 o
7 =]
C AverageArea \ 1 g
f ® Geom Area 5umPN \ = - ]
1 3 Rm3peak Area SumPN 3 @ 02 40.8
L @ Geom_Area 1umTi \ L [ y
F ® ARm3peak Area_lumTi L \ = i (]
(1 )| S T TP SR N R A ool . A o oo
2530 2.535 2540 2.545 2550 2.555 2.560 2.530 2,535 2.540 2.545 2,550 2.555 2.560
Time {8} Time {u5)

« Average closure rate is 5.4% of the initial area per ns
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Brightness Temperature (eV)

P

ii;:;;§|"'

eak brightness temperature was 191 £ 10 eV for

1736 atts + 7.3 ns

200 7 7 77

200

150

100

50

2530 2535 2540 2,545 2550 2555 2.560

ol

1736

t

S

*&“%%H%&H I

no closure
correction

Time (us)

A

A

« Twall

— at ts+5 ns =159
+7 eV

— At ts+7.3 ns =
191 £ 10 eV

* Error budget at
ts+7.3

— energy (¥15%)
— power (*¥4%)

— hole closure
(¥14%)

aperture estimated completely closed

™ Sandia
@' National
= Laboratories



Area (mmz)

PN Filter
T

& Peak_Area_SumPN
Geom_Area_SumPN
® Bm3peak_Area_SumPN

Geometric Center Method

1 1 1 1
2,340 2545 2550 2ER3 2380
Time {;&)

of

® Geom_Area_SumPN
® Geom_Area_1umTi

1 1 1 1 1
2,530 2,535 2.540 2,545 2.550 2.555

2,560
Time {us})

Area (mmz)

Area {mm’)

Ti Filter

& Peak_Area_1umTi
Geom_Area_1umTi
& Rm3peak_Area_iumTi

1 1 1 1 1 13
2,530 2.535 2.540 2.545 2.550 2.555 2.560

Time {us}

Remove Top 3 Method

& Rm3peak_Area_SumPN ]
& Rmapeak_ Area_1umTi ]

1 1 1 1 1 13
2,535 2.540 2.545 2.550 2.555 2.560

Time {8}

Arga (mm®)

1641

2.53 2.54 2.55 2.56 2.57

Time {u#s)

* Measured average

rate (1642, 1643,
1695, 1736) is 5¥1%
of the initial area per
ns starting at ts

aperture closure framing camera data was very weak (10x lower)
on 1641 so use the measured average rate from other 4 shots

Power (TW)

Sl



The uncertainty in extrapolated aperture size at

ts+10.6 ns (peak power) is ¥ 23% for 1641

1641
Aperture Area
- T B B L B B ] o1
: : s |
N % E 5 08
s ; = B
: 5 [
€ 3f Q\ ; g osr
E ¢ =
< 2f \\\ E g 04l
C =3 L
: AverageArea \ \ 2
f ® Geom_Area 5umPN \ \ ° I
1F Rmapeak Area SumPN \ . E 8 02
f ® Geom_Area_lumTi \ s -
F ® Rm3peak Area lumTi \
OF . o e M 0.0
2530 2535 2540 2545 2550 2555 2.56(

Time {us)

11.5

1.2

[=]
w

Power (TW)

lo.o

2540 2.545 2550 2.555 2.560

Time {i8)

« Average closure rate is 5.0% of the initial area per ns, based on

the average of 1642, 1643, 1695, 1736.

» This agrees with the geometric analysis of closure data from both

filters for shot 1641

Sl



Peak brightness temperature was 157 * 10 eV for

1641 at ts + 10.6 ns

missing one Marx bank on this shot (either early or late)

200 |

M:  Twall
= [ T — atts+6 ns=138%9
? 150 [ —_ eV
3 ; — At ts+10.6 ns = 157
8 : 10 eV
E 100 1 .
ﬁ no closure \\ e Error budget at
£ i correction ts+10.6
.E 50 . — energy (¥15%)
— power (+4%)
j | — hole closure
oL....... L e L 1 (123(%)
2.53 2.54 2.55 2.56 2.57
Time (us)

aperture estimated completely closed

o @



il

—
Ature is observed in the hohlraum and/or on the bottom
edge of the aperture 2.3 ns after peak temperature

2.546 ys 2.547 us 2.548 us  2.549 us 2.551 us

Axial jet?

PN Accelerating membrane?
Flow around shield?

Aperture plasma?

1736

* Not observed on
any other shots (all
SB). Last frame
times:

— 1642 (9.4 ns)
— 1643 (13 ns)
— 1695 (7.5 ns)

 Observed here 9.8
ns after ts

 Last frame is at ts +
12.8 ns

Power (TW) (not closure corrected)

Z1736 Brightness Temperature (eV)

1 1 1 1 1
1 1 1 1 1 =
. . E @ N&aglhl
Time {us) = lahuegtam



Sis 0.7 to 1.2 mm above the shine shield and 1.1
to 1.4 mm above the primary entrance

View at peak temperature

0.7 to 1.2 mm

Shine shield

tp+5

1.1 to
1.4 mm

M.E.Cuneo « 37

I (i)



A
}' Preliminary analysis of transmission grating

spectrometer on LOS 5/6 - 1

PN ] DR LR MLl LA  RRRAREREE RERAREREE RARAEEEES
1643 [ ' ' _ ]
. L —  power from data integral J
Feb 2006 anaIySIS power est. linear extrap () to 248.367 Y -
- — tiotal pineh power -
20 ——— tepahb avg poweriGal -
B power from plankian integral (0 to 248.367 e\) 1
power from planckian T and A fit .
s 'Sf ., Erep = 23 kJ (0 to >3 keV?)
: | Ercs = 19.5 kJ (0 to 2.25 keV)
& 10} -
05 -
- ket

253 2.54 2.55 2.56 2.57 2.58 2.558
Time {us}
« We installed a pristine calibrated grating for this shot (HS18)
- Agreement between peak powers and energy are encouraging

M.E.Cuneo * 38
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5#

spectrometer on LOS 5/6 - 2

Preliminary analysis of transmission grating

« Unfold method fits both
temperature and area

Tpeak_fit =148 eV
Apeak_fit = 0.03258 cm?
(79% of initial area)

» Errors in these fits are much
larger than previously obtained.
This needs looking into

* A much better method might be
to define the area from the hole
closure measurement, and just
fit for temperature. This will take
some time to modify the code. A

* This data requires 2-4 weeks of
effort: different unfolding
techniques and various cross A
checks to do it justice. These
preliminary results were a 1 day
effort.

150

100

initial

75%o0pen -

0.10

0.08

0.06

Area [cm?)

0.04

Yj\pe rature {eV)
4]
=

0.02

...... 0.00

1643

Feb 2006 analysis

Time {us)

2.55x10"

2.56x%10"

2.57x10°

Sl



iy

Spectral Power (GW,eV/ster)

\

Preliminary analysis of transmission grating
spectrometer on LOS 5/6 - 3

Peak-3.00000e-09 ns

1.000 &

0100

0.010

®—® F(E2.53950e-06

Plank@T=136.48366 ¥ _|

1000 1500 2000

Peak+3.00000e-08 ns

2500

iR

Spectral Power (GW/eV/ster)

0.01

®—9® P(E1)2.54550e-06

Plank@T=139.20295 ¥

Spectral Power (GW/eV/ster)

Peak Temp
T T

100F

RD] -

®—8® P(E1)2.54250e-06

Plank@T=147.22724 g\

* Non-P

}gou 1500
Energy {(e\h

2500

lanckian tail

Feb 2006 analysis

1643

1000 1500
Energy {eV})

2000

2500

< I L T L L B
iﬁp afb pyg ]
2 -
o L
b
=
o
-
=
-y
E
= L
1F .
L / -
F >
[} " / 1 I
2.53 2.54 2.55
Time x1E-6

2.56
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};

What do simulations predict for expansion of z-
pinch into secondary or through shine shield?

* As viewed from this LOS?

* For 100 um shield?

* For 300 ym shield?

* For 500 ym shield?

At the far wall around the membrane?

T Sandia
@ National
= Laboratories



'

Brightness Temperature {eV}

%'

omparison of brightness temperatures with time-

dependent aperture closure

Implosion Time Base

250 "

200 [
150 [
100 [

50

1

Thright1641
Thrightig42
Thright1643
Thright1695 |
Thright1736 ]

75

80 85 90 a5

Time {ns)

100 105 110

 How long does the
secondary remain
isolated from the
pinch plasma?

™ Sandia
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shape

ere is a large shot-to-shot variation in the pulse

Implosion Time Base

Power Density (TW/em®) {corrected at peak)

L LR LA L
1641

1642 u
1643
1695
1736

105

This “foot pulse” is 130
to 150 eV

Surprising variation
between 10 and 12 psi
Significant shot-to-shot
variation of pulse
shape, implosion time,
and detailed structure
during the rise.

LOS difference
between 1643 and the
others is unlikely to be
the cause

Weak correlation of
implosion time with
mass

This structure may
result from variations
in load dynamics

Sl



A
?The Z accelerator has a comprehensive set of

electrical monitors

W. A. Stygar et al., 11th Pulsed Power Conference .
W. A. Stygar, et al., 11th Pulsed Power Conference E. M. Waisman et al.,, Phys. Plasmas, 11, 2009 (2004)
P. A. Corcoran, et al., 11th Pulsed Power Conference dl
W. A. Stygar et al., to be published VC — Z aka — |_e M
dt
k
Z Equivalent Circuit Model
< ok = [0.306,0.291,0.206,0.197]
29.97 nHl _

VP_{‘RI;} L. =6.84 nH
VC 28.56 nH

—TIT ' * The inductances have * 5% 1c random

: nd matic error

g 2088 1H 130 nH and systematic errors

. _ITIT + * The voltage, stack current, MITL current

* 'S have 10 random ad systematic errors of

VA 20.71 nH . 0.87 nH + 7%

) zh j D « 12 Stack Bdots, 24 Stack Vdots

conv ' 0.08 nH
- | 7""’{ccm'.; . : e 12 (to 24) MITL Bdots
¥ _ + Circuit model and monitors checked
*Lload VC with an independent inductive wire
probe to measure convolute voltage V.

= @)



_
_

\

e load Bdots require a decrease of 0% to 10% to

match the Z ldot measured on 36 other monitors

Current (MA)

20

2.46

71642, 10=4.00000e-09 fis=0.932000 IS IS likely due to

S — BIAVE

-
tn

‘uncorrected

—
=

[ ————  BSAVE

corrected

— inadequate and variable

rejection of common mode

BMAVE S<—><_—] noise
[ DA 1  There are only 2 to 4 load
Analytic BIAVE { - Bdots
i On this shot we reduced the

load Bdot by 7.8%

The load dl/dt now agrees
with
— the avg. stack current

2.48 2.50 2.52 2.54
Time {us)

2.56
ILa(t) = e (/L) J dxVoc(x)e*Z /b L
t San
o @‘ @ National _



A
% All four Bdots consistently show the jump of

current after peak current

- A B
[ ———  BIOOO

i BI120 ]
20F ——  BIi8o _,

Bl300

—
on

Current (MA)

-1
o

2 40 2.45 2.50 2.55 2.60
Time {us)

M.E.Cuneo « 46
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=7

uum gaps of 1 to 2 mm short on the timescale of the

current pulse with peak magnetic pressure of 0.2 - 0.5 MBar

W. A. Stygar et al., Phys.Rev. E,69, 046403 (2004)

20-mm-diameter wire array current

monitor
slotted
electrode
JF—%[ anode
| [\
_)‘ |L\l
\

2-mm anode-cathode gap W cathode

« Small magnetically-insulated
gaps that are initially bridged by
material may also show these
effects

* Wire arrays have higher AL and
voltages, higher total soft and
hard x-ray powers and yields
and faster risetimes

current (relative units)
X-ray power (relative units)

current (relative units)
X-ray power (relative units)

—h

—1-mm gap
= 2 mm gap
- [-=-3-mm gap
----- 4 -mm gap

/

current /

o

—
T

o




ntire set of electrical data* is systematically consistent
to within ¥10% with the initial load inductance

et

“with the load Bdot correction 7,545 10=4.00000e-09,fis=0.932000

2.0 125
; 1642 ]
- ] 20
1.5 [ 3
-~ Z 15 _
di g 10 =}
Veo=Lo g y 1" 3
g 0.5 :5 a
* The load voltage is the [ ]
difference V. - V.o 0.0f \Fr 0
 dL/dt changes late into Z _
the pulse o5l . . ., . Y 75
2.45 2.50 2.55
Time (us)

r Ol g
w National
&= Laboratories



Voltage (MV)

experiments

Similar agreement is obtained for the other 4

21641, lo= 3 800008 09,fis= 0 950000

3.0

251

20

1.5

1.0

05

0.0

-0.5

Current (MA)
Voltage (MV)

2.45 2.50 2.55
Time (us)

* The average BIAVE
correction for the 5 shots

is <fis>=0.94 £ 0.03

3.0

25

20F

1.5

1.0

051

0.0

-0.5

2.45 2.50
Time (us)

Voltage (MV)

2.55

21643, lo= 3 800008 09,fis= 0 916000

25 3.0
25
20
15 —~ <
E E 1s5f
g @
105 §
= = 1.0
5 3]
u >

1
n

=1

120

05

0.0

-0.5

21695, lo= 4 400008 09,fis= 0 980000

25

5 o 3
Current (MA)

1
(4]

=3

2.45 2.50 2.55
Time (us)

21736, lo= 3 BOOOOe 09,fis= 0 900000

3.0

25F

201

1.5

1.0

05

0.0

-0.5

25

120

-
()]

T
=
10§
=
3
O

15

0

1 1 1
2.45 2.50 2.55
Time (us)

I (i)

Sandia
National _



Vs '
#he load voltage peaks and falls during the rising

portion of the hohlraum power pulse

21642, Io 4, OOOOOB 09,fis= 0 932000

3.0 T T T 25
2.5} 190
: * Here the peak voltage
a0k ] of 1.7 MV is reached
g ’ 15 g only 3.8 ns after the
o 1.5} = power pulse begins to
[ .
8 10 2 Increase
D I : L] n
: ] * Thi u iv
> 101 o This occurs on all five
o5t 15 of shots
0.0 =g 10

251 252 253 254 255 256 2.57
Time (us)

Sl



e

Voltage (MV)

—
#é electrical data is consistent with rapid decrease of

the L-dot of the implosion near stagnation

3.0

25T

20

15[

1.0

05

0.0

251 252 253 2.54 2,55 2.56 2.57

Time (us)

Gap shorting?

Implosion of trailing

20

jury
3]

=
Current (MA)

' T 25
i
1.2 MV
@ -4.7 ns ]
,f*/J/fj )

21641, lo=3.80000e-09,fis=0.950000

mass and current?

Material back-
pressure at
stagnation?

A bounce?

Voltage (MV)

Voltage {(MV)

3.0

25

20

1.5

1.0

05

0.0

- 1.7 MV
@ -7 ns

N

=

21642, lo=4.00000e-09,fis=0.932000
T T T T T T 25

- L]
=] =]

o
Current (MA)

5

1]

1 1 1 1 1 1
2,51 252 253 254 255 256 2.57

3.0

25T

20

1.5

1.0

0.5

0.0

1 1 1 1 1 1
2.51 252 253 254 2,55 2.56 257

Time (us)

Time (us)

21695, lo=4.40000e-09,fis=0.980000
T T T T T T 25

) ha
4.} [=]

&
Currgnt (MA)

15

0

Voltage (MV)

Voltage (MV)

21643, lo=3.80000e-09,fis=0.916000

3.0 T 125
25} 120
2.0}
155
. =3
1.5' F
]
10 £
1.0 O
o5f 1°
0.0 0

1 1 1 1 1 1
2,51 252 253 254 255 2.56 2.57
Time (us)

21736, lo=3.80000e-09,fis=0.900000

3.0 T 25
a5f 20
20fF
15 &
=
5[1.1 MV @ -
10 £
ol -5.9ns a3
05F 15
0.0 —Aq
) AV e
251 2.52 253 2.54 255 2.56 2.57
Time {us)

T ona;
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e electrical energy delivered to the load is ~300 kJ at
peak temperature

21642, lo=4.00000e-09,fis=0.932000

20T T T T T T 1.0  For all five shots at peak
- | 1642 i secondary temperature:
sl 10.8 —<E.>=1.01£0.15MJ
° | — <E,>=0.31£0.08 MJ
= ) 0.6 E
S 1ol E=1.01MJ —JV 2 +We should be able to
2 | 0.4 3 increase this efficiency
g | / 5 —Lo=4,AL~1,ALlLy =
051 0.2 0.25~E,/E; ~ 0.31
0.0 ——-—"/—-'/;‘ - ot -0_0 — L0=2, AL~1,AL/L0=
-..|...|...|...|...|...|...- 0-5,EL~0-5MJ

2.44 2.46 2.48 2.50 2.52 2,54 2.56 2.58
Time (us)

T Sandia
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The other shots are similar

Z1641, |o 3.80000e-09, f|s 0 950000 21643, 10=3.80000e-09,fis= 0 916000 21695, lo=4.40000e-09,fis= 0 980000

2.44 2,46 2.48 2.50 2.52 2.54 2.56 2.58

Time (us)

2.0 T T T 1.0 2.0 T T T T T 1.0 2.0 T T T T 1.0
0.8 0.8 0.8
s i SO 15f Ec=1.27 MJ
= Vu. - - c=V. - — -
= EC 0.95 MJ 0.6 ¢ g 0.6 £ 3 0.6 E
= 5 = o = =]
o v g = g =
H 0.4 @ @ 0.4 g @ 0.4 g
c 2 < 3 c 3
5 2 i a w o
o5t a 0.5 0.5
} 0.2 0.2 0.2
0.0 - - 0.0 0.0 0.0 0.0 > 0.0
1 1 1 L L L L 1 1 1 1 1 1 1
244 2.46 2.48 2.50 2.52 2.54 2.56 2.58 2.44 2,46 2.48 2.50 2.52 2,54 2,56 2.58 2.44 2.46 2.48 2.50 2.52 2,54 2.56 2.58
Time (us) Time (us) Time (us)
21736, lo=3.80000e-09,fis=0.900000
2.0 T T T T 1.0
15 0.8
5[ Eg =
g 0.6 E
—_— Q
= 1.0 £
= 0.4 g
c =
c ;
0.5
0.2
0.0 0.0
1 1 1 1

o @



We calculate the load inductance

) E. M. Waisman et al., Phys. Plasmas, 11, 2009 (2004)
21642, lo=4.00000e-09,fis= 0 932000

- T T 1.0
55 1992 / o LL(t)=LZk:ak¢k+¢o—Lelmj/L
sof t / ¢k=tjvk

do =Lelm(to) +LL (to)IL(to)

Q
——
o
Power (horm.)

5[ |_=4.06 nH :
~ | l/ {0.4

Inductance (nH)
-
N

40F T * AL ~ 1 nH by the time of
: ] peak hohlraum temperature
a5l 10.2 * The load rapidly accelerates
t ] at 74 ns into the current
[ _ pulse
i 11 i ) ISP P TP SEPRPIN ST | PP BRI A N 4
2.46 2.48 250 2.52 2.54 2.56 2.58

Time (us)

Sl



Similar agreement is obtained for the other four
experiments

21641, lo=3.80000e-09,fis=0.950000 21643, 10=3.80000e-09,fis=0.916000 21695, lo=4.40000e-09,fis=0.980000
T T T T T T 1.0 T T T T T T 1.0 . . . . : ;/l 1.0
55 los 5.5} {0.8 55¢ ] 408
% o /'O-ﬁg E o / 06 £ E ’ j loe E
é / '0-4? é j 10.4 % E \.w-/r”— los %
2 a0 FaN i Eoapb/n e o 2 a0l *
35 192 35F 102 a5k 10.2
30t Ll pead 1 100 B0l b el el 101 s 0L0) 30000 .. 1 1 ! L u 0.0
2.46 248 2.50 2.52 2.54 2.56 2.58 2.46 248 250 2.52 2.54 2.56 2.58 2.46 2.48 2.50 2.52 2.54 2.56 2.58
Time (us) Time (us) Time (us)
21736, lo=3.80000e-09,fis=0.900000
T T T T T T g
« Agreement is poorer for 1695
5o
and 1736 108
 The electrical data from five ! loo £
shots is consistent with L_ = § sl ,/AA :
4.1 £ 0.3 nH within 2.5% of the Y|
initial 4 nH geometric los
inductance = |
° H H H - H 3000 PRI P 1 1 0.0
In a- sen.se thls Is an In SItu 2.46 2,48 2.50 2.52 2.54 2.56 2.58
calibration of the load Bdot Time (ug)

=1 Sandia
National
: Laboratories
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From the change in load inductance we calculate

the effective normalized radius of the current

Z1 642 IO 4 00000& 09 fls 0 932000

N1.2
E? 1642 | | y
- - We assume a range of
. N pinch lengths, /
i 108 £ — r(t)lr, = exp[-AL/21 ]
s P
2 196w . This data could be
= 1 5 analyzed with the time-
3 10.4 & dependent source length
£ - from simulations
0.2 &
1 ©
4 0.0
2.52 2.54 2.56 2.58
Time (us)

Sl



We calculate the effective radius of the current

Current Radius {um)

21642, lo=4.00000e-09,fis=0.932000

400 W 1.0
DN N - W
f {0.8
300 = !
1.8 mm - -
{06 E
[ . ]
B =
200 y —
i 1 @
10.4 &
7 o
100
-1 1642
D e s ra | I i aaa1a Listssaiaas [FERERTRET n.n
251 252 253 254 255 258
Time (us)

* Assumes r_, ~ 3.6 mm

At the rising edge of the
power pulse the effective
radius is 1.7 to 2.5 mm

» At peak temperature the
effective radius of the
current is 0.3 to 1.0 mm

 We estimate a peak
velocity of up to 45
cm/us at the rise of the
power pulse:
— Vpeak ~ 2*AR/(t; - t,)
— AR~11t02.5 mm

I (i)

Sandia
National _



We calculate the effective velocity of the current

21642, lo=4.00000e-09,fis=0.932000

50 [

] L o+
= o= o

Current Velocity (¢m/us)

-
=

2.51

T EETEE Laasig

2.52

2.53 2.54

Time (us)

2.55

11.0
0.8

0.6

o
i
Power (horm.)

0.2

0.0
2.56

* The peak velocities
are 35 to 41 cm/us at
atime1.4to3.4ns
after the power
begins to increase

Sl



Current Radius {um)

W

e calculate the effective velocity of the current

21643, Io 3.80000e-09,fis=0.916000

400 [

21643, Io 3. BOOOOe 09 fls 0.916000

300

200 |

100

1643

0 [

| I

2.51

2,52

253 2.54

Time (us)

11.0 5Q [T T e 11.0
0.8 - 40r 10.8
] h | ]
3 ]
| - E | | .
06 E = 30f {06 E
. 2 = L . =}
= o =
“— 2 - 'I:
D | 1 @
= 20 10.4 B
5 | | &
=
0.2 10 ﬂ(& 10.2
TREVEP T PETTTTTI Leseiiiies I- 0.0 ﬂ J LIl Lispssdanslonssss mnﬂ
255 256 251 252 253 254 255 2586
Time (us)

» Veff ~ 25 to 35 cm/us

o @



ﬁpical Z-pinch radiation conversion efficiency on Z

for 1 mm feed gap, 20 mm diam. array

W. A. Stygar et al., Phys.Rev. E,69, 046403 (2004)
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uum gaps of 1 to 2 mm short on the timescale of the

current pulse with peak magnetic pressure of 0.2 - 0.5 MBar

W. A. Stygar et al., Phys.Rev. E,69, 046403 (2004)

20-mm-diameter wire array current

monitor
slotted
electrode
JF—%[ anode
| [\
_)‘ |L\l
\

2-mm anode-cathode gap W cathode

« Small magnetically-insulated
gaps that are initially bridged by
material may also show these
effects

* Wire arrays have higher AL and
voltages, higher total soft and
hard x-ray powers and yields
and faster risetimes

current (relative units)
X-ray power (relative units)

current (relative units)
X-ray power (relative units)

—h

—1-mm gap
= 2 mm gap
- [-=-3-mm gap
----- 4 -mm gap

/

current /

o

—
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W. A. Stygar et al., Phys.Rev. E,69, 046403 (2004)

Z-pinch radiation conversion efficiency

Ratio {(Rad. Energy { Poynting Energy) in main pulse
L L rrrrrrrrrrprrrr e e e T
- + Stygar PRE 2004 1

Stygar PRE 2004
Stygar PRE 2004 59 i 60/0

Stygar PRE 2004

Erap/Ec _ + . % _

(end of pulse) 0_4:_ i _

08_—+
L+

0
o
+
G
o~
_|_

o2l 49%27% ]

o 31 ) I | P | PR | | PR

Gap (mm)

Erap/Ec~ 50 £ 7 % with 1 to 2 mm gaps

Erap/EL ~ 63 £ 7% at 1 to 2 mm gaps
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Pinch power estimates for these experiments

Shot Trise E, (kJ) Estimated Estimated Tlower T “peak”

(ns) Prax (TW) | P (TW) (eV) (eV)
(100%E,) | (63% E))

1641 7.9 264 67 42 147 157 £10

1642 7.2 322 89 56 169 186 £ 17

1643 5.5 309 112 71 172 18119

1695 | 7.95* 444 120 76 174 187 £13
5.0

1736 5.2 222 85 54 181 191 £10

I (i)

Sandia
National _



T
ﬁ previous 0D hohlraum energetics model can be
applied to this data

M. E. Cuneo et al., Laser Part. Beams, 19, 481 (2001)

cm?
Primary  (1- fsfps )Pp — fosApso(Tp — Te )= Apc Ty [Awp = 0.6597
4 _4 4 Ag =0.0314
Secondary fgfysPp + fosApsc(Tp — Ts' )= AgoTs Ave =1.0
Ap =(1-0ap)Ayp—(1-0g)Ag Aps = 0.2513
Ag = (1-ag)Aws — Ap Ans = 0.045

mr Sandia
@ National
= Laboratories



V\ '
Ae inferred pinch powers and measured secondary

temperatures are consistent in the hohlraum model

ie0 > - - r - -~ v 1r v~ 1r.— 1 7 ie0 - - r - -~ r. -1
: _— Fp vs T, no direct shine ] [ — F’p vs T, no direct shine

P, vs T, with direct shine : P, vs T, with direct shine i
P(BS%EL) Vs Tsmin 80 P(BSO’SEL) Vs Tspaak §

80

Pinch Power {TW)
Pinch Power {TW)

ol . T 0

100 120 140 160 180 200 100 120 140 160 180 200
Minimum Secondary Temperature (eV) "Peak" Secondary Temperature (eV)

f,s = 63% (coupling efficiency of primary to secondary)
f. = 10% (direct pinch shine into secondary)

a, = 0.85 (primary wall albedo)

o = 0.80 (secondary wall albedo)

Ogap = 0.34 (feed gap albedo)

Sl
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Five experiments were performed in this

experimental configuration before Z shut down

Shot Iéltnler Pres-s. Timp Vpeak Twa Twa Tgapshort | Taperture
yie | (psi) ns) | MV)@t (eV) (eV) (ns) at 20%
(£30%) open (ns)
1641 SB 89.0 1.2 138+9 15710 ts+6.1 ts+16.1
(ts+59) | ts+6 | ts+10.6 | ts+8.1 (5%)
1642 SB 85.5 1.7 1497 18617 ts+4.5 ts+13.2
(ts+3.6) ts+5 ts+10.6 ts+8.4 (6.1%)
1643 SB 84.6 1.6 16918 18119 ts+6.1 ts+17.4
(ts+7.8) | ts+8 | ts+10.5 (4.1%)
1695 SB 87.9* 2.3 158+8 187%13 ts+10.6* ts+18.9
92.9 | (t+10.0)* | ts+8 | ts+10.9 ts+5.6 (4.2%)
(ts+5.0)
1736 B 79.6 11 1597 191 £10 ts+3.5 ts +14.2
(ts+1.5) | ts+5 | ts+7.3 (5.4%)

MM
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* Improved current measurements

— VISAR has shown precision of 1 to 2% in load current measurements
(Lemke et al).

— Local common mode rejection Bdots

— Bdots with smaller area for higher bandwidth measurements near
peak current

— Measure L, in-situ after vacuum gap compression

Improvements

* Improved secondary energetics
— larger, circular apertures
— shock breakout
— foam tamping at the secondary entrance

mr7 Sandia
@ National
| A Laboratories
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« Optimize source performance
— lower feed inductance

— In-situ electrode cleaning techniques to reach the smallest
Ak feed gaps (2 to 4 mm) and lowest feed inductances

» >0.25 GHz RF reactive plasma discharge
* In-situ DC heating 600-1000 °C for 20 minutes)

— load gap/feed gap optimization
— Nesting to increase power, reduce pulsewidth
— WF; gas?

Improvements

7 Sandia
@ National
= Laboratories



V\ | '
ﬁ'lower inductance feed (3 nH) should be designed

and implemented for the next experiments

Taper this feed from 6 to 2 mm Z-Beamlet view at 2 to 10 mm (Z 16 to 18 mm)
gap at an angle of °15 from r=3.9 <
cm to r=0.375 mm I #\\“J\}\+
E—— i i | 37 [6.0 J
”2:%:_:711—_?1 N 'Ii S D36 ([mﬁ]‘\———__
. II ? i | N E %
It might N NN
|I o o
look |
something '1
_ Y N\ & § |
d \ s

» A feed with an avg. radial gap of 4 mm from 4 cm to 0.4 cm gives ~ 3 nH
and saves about 1 nH.

* Would really like 2 nH. This requires a 3 mm avg. radial feed gap from 4 cm
to 0.4 cm. This is probably impossible without in-situ (active) cleaning
techniques, and may be impossible even with cleaning.

« Compatibility of a lower load height with ZR MITL’s and backlighter line of
sight must be assessed - should be no problem
'@ @ﬁ:ﬂﬂﬁm



A
%he problem of contamination has been faced and
solved in other programs

control of 50 - 100 monolayers
surface/bulk contamination is critical

lon Beam ICF Z-pinches

Pulsed Power §
I— —




rge inventories (30-100 ml) of H,, H,O, C_ H_,

CO,, CO, O, are found in bulk and surface layers

surface contaminant layer (< 30 A)
H,, H,0, CO,, CO,C H_

porous oxides (100 - 300 A)

FeO, Cr,0,, Fe,O

C(H), H,0O
bulk stainless steel
Fe, Cr, Ni, H,
contamintant binding energies units (kcal/mole)
physisorbed on surface (and in oxide layer?): Q=2-14
all gases (except H,0) Q=2-10
H,O Q=8-14
chemisorbed on surface (and in oxide layer?): Q=10-50
C.H,, Q=20-30
H, (various metals) Q=10-40
H, (stainless) Q=21
stain. outgas. charac. Q=22-25
CO (on stainless) Q=22-47
oxide layers: Q=50-100

physisorbed and chemisorbed

surface gases

physisorbed and chemisorbed
gases in porous oxide layer

gases dissolved in bulk

M. E. Cuneo, IEEE Trans. on DEI,
Vol. 6, No. 4, 469(1999)

Real surfaces have non-uniform coverage and density and are heterogeneous

Pulsed E’@ms
=



\

node and cathode plasmas must be mitigated to
meet 5-10 MV/cm required for ion beam fusion

SABRE lon Diode, 1.0 cm gaps PBFAX, 2.5 cm gaps
I I I I I I I I I I I I I I 4
s 4~ 500 cm?
=3 : 5
5 4 I~ \'Lh‘\ N g
) "
0 . . % d clean,
'\ @ 9

% 31 ‘\ ‘]\ cond-K | 8 500 cm
m V' %, clean(5) | =
- \‘\{ o
-_g 2 - " cond-K N — 5
= no clean (3) ‘el O J
3 _ i

1 1 I 1 I 1 I 1 I 1 I 1 I 1 I

50 60 70 80 90 100 110 120 50 60 70 80 90 100 110120

Time (ns) Time (ns)

M. E. Cuneo, IEEE Trans. on DEI, Vol. 6, No. 4, 469(1999)

Cleaning and multiple pulse conditioning widen the applied-voltage
pulse and decrease impedance collapse rate

M.E.Cuneo * 72

Pulsed g@iﬁ;ﬁ



There are other cleaning protocols shown to be

successful in many fields

M. E. Cuneo, IEEE Trans. on DEI, Vol. 6, No. 4, 469(1999)

M.E.Cuneo * 73

Method

Commenis

pre-installation material
selection

Materials have large differences of susceptibility to chemisorption, solubilities, diffusion, and binding energies for different
contaminants [23].

pre-installation bake out

Vacuum forged metals, hydrogen firing followed by baking near melt effective for removal of oxide layer/bulk gases bul oxlde forms
once removed from furnace.

pre-instailation eleciric
o chemical polishing

Dielectric residue has resulted in inconsistent results with electropalishing (18], Results with chemical polishing methods better [18] but
large improvements suggested by microprotusion hypothesis not seen {4]

pre-instailation water
jels

Difficult to apply o pulsed-pawer. Effectively used for control of dust in RF cavities [18,39],

pre-installation clzan
rooin assembly

Difficult in typical pulsed power envitonment, but has showen large gaing in RF cavitioes [18, 36), and in micmelectronics,

low base pressure Tmportant, bt difficull with pulsed power limitations, Local eryogenic differential pumping appears te be useful [103],
pre-breakdown & Difficult to apply fo pulsed-power. Very effective in conditioning gaps for high volfage breakdown on small experiments [2,59],
emiggion

gas condifioning Difficult to apply in situ in pulsed-power. Very effective in condificning gaps for high voltage breakdown [2,59],

meulti ple Some chservations in low power pulsed-power experiments [9,85,86,100,115,127], but generally difficult to apply in sity excepl for
breakcdowns,ares, rep-rate pulsed-power. Very effective in conditioning gaps for high veltage breakdown [59,69].

repetitive oparation

cryogenically-cooled
electrodes

eryarconied electrodes do impact cathode plasma formation in pulsed-power expatiments [17,104]. Not entirely understond.

surface coatings

Thick coatings are effective at controlling descrption from oxice and buik where in situ cleaning of oxide and bulk not possible [17,80].
Material selection important [23]. Dielectric coatings have raised breakdown and flashover fhresholds [65-67],

discharge cleaning

Large beneficial effects in pulsed-power experiments [16,17,87 5% 93,98,59,101). Physical and chamical sputtering is extremely effective
af removing down lo the last monelayer of tightly bound contaminants [19,20,53,54,73,74,135). Dhscharges can also possibly remove
Inclusions. Reactive gases have large removal rates for hydrocarbon impurities [57 58], Reactive gases lower field emission current [75],
lower secondary electron emission current [76], raise operating field thrashold [61,62,64,136]. Generation of a pure oxide layer [77] may
be a factor (75,105}

in it heating

Effective in pulsed-power experiments at 150 to 700°C at removing surface contamination confributing fo the plasma

[6,7,10,17 32-84,92-95,125,126,128]. Useful for bulk contaminant removal [72). Effective in small-scale experiments at temperatures
>1400C at increasing hreakdown fields on some materials [60] by control of particalaie. Eifective at reducing sticking coefficient to
prevent recontamination after discharge cleaning [17,93,%5]. Heating synergistic with discharges [30], Will not remove the last
monelayer without heating above oxide melt temperature or sputtering,

ion, € beam surlace
fries tonent

Shown to be very effective at increaging pulsed-voltage pap holdoff and decreasing effective surface microenhancement [64]. Mot
entively understood: poasibly from an inctease in hardness, smoothing of surface, eliminating inclusions, surface cleaning, crystal
stricture and grain boundary changes, .

=
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(1) Hydro-coupling measurements
— Remove secondary and image at secondary entrance plane
- Shadowgraphy
» Backlighting

Recommended priority for next experiments

(2) Pinch energetics
— Can do this simultaneously with the above hydro experiment
— Measure pinch power, spectrum, and dynamics thru Be case
— Assess pinch L and K-shell emission

(3) Primary energetics
— Measure Twall (hard with a 2-3 mm high, 6 mm wide primary)

(4) Develop two-sided drive

(5) Long Pulse (28 MA, 240 ns) power scaling experiment (in-situ
electrode cleaning becomes even more important with longer

pulses) I (i)



Z-Pinch Source Experiments

};

 For various platforms, evaluate and Ol hortpulse 95K ]
compare optimized z-pinch sources at _ =
identical peak currents with widely R
different implosion times: 5 z:
g
— ZR in short pulse mode at 16-28 MA s ¥ long-pulsq (88 kV) ]
for 7;,, = 80-130 ns (2007-2009) o ]
— ZR in long pulse mode at 16-28 MA 167166 e ]
for ;,, = 150-300 ns (2008-2009) Implosion Time (ns)
— Goal: achieve same x-ray power at 1800}
Timp = 250 Ns as at 90 ns will reduce 2 "%
accelerator cost by more than a 5 14000
factor of 2X 3 1200]
1 2/3 % 1000;
Cost  Emarx () c %0
E 600 f

100 150 200 250 300
Implosion Time (ns)
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	The load voltage peaks and falls during the rising portion of the hohlraum power pulse
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