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L2381

/0 KV Marx charge
A0206-A
7117/2012

Shell-on-shell Ar gas puff
0.8 mg/cm total mass
~1:1.6 outer:inner mass ratio
25 mm pinch height
Nozzle J16469-003C-D, Config. #1

Interferometer: 40.90 psia middle, 15.30 psia outer plenum

As-shot z2381: 41.1 psia middle, 15.2 psia outer plenum
Throat plate #26, Outer gap 7.22 mils = 6.0%, Middle gap 15.70 mils £1.6%



/2381 nozzle J16469-003C-D throat plate details

= From “8cm Throat Plate Checkout Form” for nozzle D
= Chris Jennings expressed interest in using

026_glassmask_outer throat plate characterizations as a basis for
© QT seeding 3D structure in MHD simulations
€ B i w4 =These scans show structure in the gap that
- 6. wh%meMMWMWW 1 defines the gas flow at the base of the nozzle
S af _
S 2- -
£ 0! . . .

0 100 200 300

Azimuthal angle (degrees)
. 026_glassmask_inner
\-E/ E
o
O
o
©
o
i -
|_

O 100 200 300
Azimuthal angle (degrees)

Outer Outer gap Outer gap jnner zap Inner gap Inner gap
Throat gap variability ariability idth variability | variability
plate # width =o/mean | =A/2/mean (mils) =o/mean | =A/2/mean
(mils) (%) (%) (%) (%)

26 7.22193 6.051671 14.42365 15.7028 1.639051 3.980179



Z2381, 70 kV,
Ar, 0.8 mg/cm
Nozzle D Config. # 1

Interf. shots 20-23

A0206-A nozzle J16469-003C-D mass profiles

= For this nozzle we did shots at three different azimuthal rotations of the nozzle at SITF. We did not
track throat plate orientation, so “0 deg.” does not correspond between last page and here.
Lineouts and summary statistics from these interferometer datasets are on the next page.

0 deg. nozzle pos.

LR AL,

Avg areal dens.

Abel inverted dens. Std. dev.

Error
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Interf. shots 27-29
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Interf. shots 34-36
180 de nozzle
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Shot034Puff-IMG_22Ma:

= Mass profile
characteri-
zation with
the SITF
interfero-
meter are
available for
all nozzles
shot at Z.
These can
be the basis
for
initializing
MHD
implosion
models.



Nozzle Orientat. Targetm Shots Cent.pin Edge pin Delta Z noz.face Face ang. Fri.per.  Scale Mtot Ratio

22381 70 kV c-D 0 0.8 20-23 765 1989 1224 370 15 40.9 1 804.548 1.661267
) ) - n O Z Z e cD 90 08 27-29 816 2042 1226 369 16 415 1 77825 1.98902

cD 180 08 3436 870 2004 1224 409 17 419 1 814668 1.925203
Ar, 0.8 mg/cm
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/2381

22381

PCDB&AE)JO?Z (30 mrls Kupton)

F‘CDOSABSOSI (2 mils Kupton+Al)
\,  PCD17A53118 (30 mila Kapton)

=25
E 1.0F
)
70 kV 2 0.8}
p—
BIAVE_B mox—1 51407e+007 BMAVE mox—1 .90068e+007 = 0.6
25X T T T 1 € g4t
T +—+ BIAVE 1 o 0.4;
O ¥----2¥ BMAVE ] B 0oL
2.0x107— ¢——¢ BIAVE_A 1 9 0.0k
[ a—A BIAVE_B 1 &
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& 150907 PCDO5AB8051 —
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o C
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Time
|

BIAVE_B is the better B-dot design, expected to give best load
current measurement (downside: it blocks a LOS)

Gas puff shots showed significant convolute losses (compare
BIAVE_B to BMAVE)

PCD pulse widths ~10 ns (FWHM), though these were all through an
aperture and not seeing full 25 mm pinch height. Zippered
implosion could mean true pulse width is wider than measured

This shot gave ~250 kJ, though yield diagnostics did not see entire
pinch
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22381 Ar K-shell gated pinhole camera shows zippered implosion

MLMC, 2 mils aluminized Kapton Ar K- shell

22381_mimc; ne = 1818 No. of lines eted; : 28:15 (
‘!'"Tl'1'!"l'l?'!l‘l"l"!'!T‘IT'I'I

0

AT

-6.0 ns

X

M od 2% P04 INE L L X
MNe o --lg--(-a-ﬁn PAK‘N Gﬂf IV TREU g 1T W pavap™

16

“ot 4£6.0 ns +8.8ns +11.7 ns +1"\qu
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S S

71

LA-A.I.A-Ak 1

= Cathode is at bottom of each

frame, anode wire grid can be
seen at the top of the images
blocking the view of the pinch
from the 13 degree angle of this
instrument

K-shell filtered gated pinhole
camera showed a zippered
implosion

Due to zipper, true pulse width
of K-shell radiation may have
been more like 15 ns. | can
attempt to reconstruct this from
images, although anode wires
will make it hard to be
guantitative

Pinhole images show brighter
emission near the anode side on
this shot, suggesting that the
~250 kJ K-shell yield inferred
may be an underestimate

= The power/yield diagnostics had

a 10 mm tall aperture just below
the anode wires in this view;
timing indicated makes sense



L2382

80 kV Marx charge
A0206-B
7/19/2012
Shell-on-shell Ar gas puff
1.0 mg/cm total mass
~1:1.6 outer:inner mass ratio
25 mm pinch height
Nozzle J16469-003B-B, Config. #1

Interferometer: 47.96 psia middle, 22.68 psia outer plenum

As-shot z2381: 48.2 psia middle, 22.8 psia outer plenum
Throat plate #19, Outer gap 7.26 mils = 5.1%, Middle gap 15.88 mils £4.3%



/2382 nozzle J16469-003B-B throat plate details

= From “8cm Throat Plate Checkout Form” for nozzle B

019_glassmask_outer
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& B e BN iy
A
o 65 -
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O 100 200 300
Azimuthal angle (degrees)
. 019_glassmask_inner
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O 100 200 300
Azimuthal angle (degrees)

Outer Outer gap Outer gap TR T Inner gap Inner gap
Throat gap variability ariability idth variability variability
plate # width = o/mean =A/2/mean (mils) = o/mean =A/2/mean
(mils) (%) (%) (%) (%)

19 7.25926 5.124862 12.91454 15.8759 1.93955 4.264868




72382, 80 kV

A0206-B nozzle J16469 003B-B mass profiles

Ar, 1.0 mg/cm, 0/90 deg.

Nozzle B Config. #1

Interf. shots 56-58

0 deg.nozzle

Avg areal dens.

Std. dev.

1_Abel-Inverted_Dens

NETphase_

©
5}
<
—

Abel inverted dens.

» y2012_.

Error

Shot056Puff-IMG_23Ma
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Interf. shots 59-61
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_Phase.tlf

gedAreal

e_1_Avera

NETphas

_23May2012 11756 _|

Shot059Puff-IMG_23Ma

N

1_Abel-Inverted_Densi

AL i e s

1756_NETphase

y2012,

Shot059Puff-IMG_23May
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Note that nozzle B was shot at SITF and at Z at higher pulser
charge voltage and coil current than was nozzle D on the
prior shot; see “8cm Nozzle Configuration Sheet” for each
and waveform pulser data

We took SITF inteferometer data at two azimuthal positions
for this nozzle (no correlation with throat plate orientation)

Areal density maps are averages of the 3 shots indicated.
Averaging improves signal-to-noise and provides some
assessment of shot-to-shot variability (std. dev. map shown
here for areal density and areal density error bars on next
page are pixel-by-pixel standard deviation for the shot group)

Phil Coleman’s ImageViewer software used to unfold areal
density fringes and to Abel invert. | used Phil’s settings
below, changing the yellow box inputs for each shot group
Filenames of available unfold data are indicated in vertical
text next to each image

The 0 and 90 deg. images are inverted—this is just a sign
error artifact of the analysis software. Need to check .txt
data files and multiply by -1 if densities are negative

FFT and Phase Analysis Options:  (Key parameter highlighted in yeliow.) ==

Source: .. \Series_09\5hot056_After-IMG_11Nova011_1629.tf Key parameters that

1"“':&“”‘” Initial Retations - Want nozzle face vertical, edge in lower Jeft can change from
MajorRotations Y "3
Median Nene CCWS0deg (@ Lefiright fip M.?I'IESI to selfes are
Boxcar W 90deg 180 deg Top-bottom fip highlighted in yellow.

® Both:Median, Boxcar

Boear Fiter Size (pixele): 11 = Extra Angle to make fringes vertical (CCW is >0) 1.5

Use at least 50. =~ |

Center of Flow at Nozze Face: X, 840 %

f interest (ROI): ::g 7 i,ml; Ehas-e to
Saves on memory w1 He el Be sure these values
required. \ 168 e # are as shown.
\Fﬂ?mamms el
7]UmitFFT to 2048length  LowFreq Cutoff % 75 Mo scaing Image/Object ratio

Pixel Size in mirons: 3.9

o
Image/Object rat: 0.0595 @ |

Ave. # pixels bebween fiinge maxme 6.9

f= could change if

= pixels to taper near nozde 200 interferometer is

& pixels to taper far from nozde 400 Background Optons realigned.
© Use both Before and After
Fraction of 2 pi that is treated as 2 phase jump: 0.85 Before Only
Phase Unwrap Oplions  Smooth in Axial(Z) Coard. After Unwrap: After Only
None : "
X only Strength: 0.3 ] also Save Before-After Phase Mep If you experiment with
& b and ¥ Spen in picels: 21 s different cutoffs, it is
NetPhase Fie naming extras: useful to name each
Prefx Sufftx QU735 for later comparison.
| oK | Save These Params Cancel




£2382,80kV - A0206-B nozzle B
Ar, 1.0 mg/cm, 0/90 deg.

Orientat. Target m

90 1 59-61

Shots Cent.pin Edge pin Delta
0 1 56-58 772

Z noz.face Face ang. Fri.per.  Scale Mtot

1997 1225 346 16 39.1

796 2022 1226 339 18 39.5

red=FO best profile, blue=profile D, black=new
T T T T

red=FO| best profile, blue=profile D, black=new
T T T T

For plots on top row:

" B-B, 0 deg, 1.0 mg/cm, Ar, 56—58
[ 0.989398mg/cm
[ 1:1.6309455 outer:inner

Nozzle B Config. #1

All plots are z=10-15mm
lineouts. Areal density error
bars are std dev of phase

[ B—B, 90 deg, 1.0 mg/cm, Ar, 59-6
L 0‘957072mg/cm
[ 1:1.5906808 outer:inner

1 Ward's RMHD models

. Black=measurements

map avg so show shot-to- T
shot-variability—— : —

B—B, 0 deg, 1 0 mg/cm, Ar 56 58 oy Fucb Pulser L
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100
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Red=Dbest FOI profile per

1 Blue=best 2D profile “D”
{  per Ward/Chris/Eduardo

for thIS nozzle for Z shot
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/2382
80 kV

22382

BIAVE_B mox—1 613906+OO7 BMAVE max= 2 23868e+007

oON h O 0 O

PC005A53072 (30 mils

PCD17A53118 (30 mils

F'CDOSA&BOSI (2 mils Kapton+AI)

Kupton)

Kapton)

PCD signal (norm.)
co oo o -

R L R S S B B B
| +—+ BIAVE
[ %% BMAVE
2.0x107 |- &0 BIAVE_A
[ A——A BIAVE_B
I B----8 BIAVE_H —20
L 1.5x107 - PCDO5A88051
2 - PCD17A53118
£ 1ox107f
5.o><1o°f—
O
2.8x107° 2.9x107®
= This shot had lower signals on LOS 50 power/yield diagnostics
than did z2381. LOS 170 showed higher signals. Stephanie’s
TIXTL processing also suggests that yield increased on z2382.
We believe that the LOS 50 aperture was misaligned and will
use LOS 170 bolometer/PCD data to evaluate yield on this
shot.
=  We still have caveat that the 10 mm aperture didn’t see the

entire pinch, which could affect the yield and pulse shape.
The aperture misalignment from this shot further
compromised the pulse shape.
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Time (ns)
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DETAIL D
SCALE4:1

CAD model views show how the aperture should
have been aligned

Photos show that LOS 50 aperture was lower than

LOS 330 aperture. They should have been at the
same height.




72382 MLM gated pinhole cameras show imploding shell with zipper

MLMC, 2 mils aluminized Kapton, Ar K-shell

z2382_mimc: ne = — 1819 — / No. of lines completed: :

12:07:37 07/20/12

_IIlIllIII|IIIIII|IIIIIIIIIII[l[lIIIIIII-|
o ﬁl ns +1.8ns +4.6ns +7%\5
- & a -
H f Ct This shot may not have had
£ L brighter emission from the
T anode side; hard to be
- guantitative with the anode
[ wires obscuring the view. Yield
i analysis assumes uniform
110 emission over the pinch height.
- \4.3ns -7.3ns -10.1ns -13.1n
:\ g.'ﬁ._.ig.f«:*?ff
- IS £ AN SR et

Fek: Jul 25 25:44 2012; Date: Jul 24 14:08 2012

Y (microns)

Flee Clearabrnforre Docurnents\IRVAIZ0E_SosPult1_201 2080hpMz2382_mimepff

This shot had good
mirrored pinhole
camera data from
MLML/MLMR. The
MLML 528 eV camera
(corresponding to a
bright Ar L-shell line)
shows an imploding
shell that reaches the
axis and then still
looks hollow. The Ar
K-shell images from
MLMC also look
hollow. Could this
mean a cooler, more
dense layer on the
periphery of the pinch?

The MLMR 277 eV
camera does not
clearly show an
imploding shell. This
camera is likely
looking at continuum
emission, so signal is

very low until the pinch |

stagnates at which
point a hollow
structure is seen. The
bright emission circle
from the cathode is
probably SS from the
electrode emitting L-
shell lines that this
mirror reflects.

I\/ILML 528 eV

MLMR;awZ?? AV A
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72382 TREX gated spectrometer shows Ar He-a turning on early, Ly-a is brightest later

of lines completed: :
W JLLLIJ LAY LY L

Y Axis

3.5x10%

3.0x10%F

2.5x10%

20x10%F

1.5x10%*F

1.0x10%F

17:25:14

LOS 330 TREX 6A/6B, ellipse t PET

= Early-time Doppler splitting in Ar He-a (maybe Ar Ly-a too)
corresponding to times when MLML sees an imploding shell

= Quick Doppler velocity estimate from the splitting seen on
the -10.9ns frame gives ~60 cm/us velocity

= Looks by eye like velocity is slightly accelerating (near axis)
= High n lines, satellites, and continuum turn on later in time
= May see Doppler-shifted absorption later in time

Red-shifted absorption
line; imploding material

backlit by Ly-a on-axis

Dopp

Fl 1

ler-split?-
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22382 quartz TIXTL produced very clean Ar K-shell spectrum

= Ar He-alpha and Ly-alpha lines are clearly the brightest spectral features

" Image plate used on TIXTLs, provides excellent dynamic range. Continuum and higher n lines
are seen, as will be shown on following plots

= Alpha Quartz 1011 4” crystal provides ~3-5.5 keV coverage, good for the Ar K lines and part of
the free-bound continuum

= We also used KAP 2” for coverage from 1-2 keV to 6-7 keV. The hope is to use this to
measure any continuum emission at <3 keV. We are still processing these data.

ArLy-a Ar He-a

Window of C\Users\bmjones\Documents\ZR\AD206_GasPuff1_20120604\ip\z2382_t13al_scan?: (—621 1.18‘18.5000} te (197754.,—30,0000)

30

AL Full pinch height
20 and requested L
alignment on _ :
o powerlyield Anode ‘ blocking view
£ diagnostics

I ' <— Center of pinch

Axial height z e _
Emission below base of pinch

Wavelength—> Cathode <— is likely from larger radius

L L L L L L L L
0 5.0x10* 1.0x10" 1.5x10°
X Axis

h

S UL T T T



Z2382 TIXTL Quartz 1011 integrated reflectivity model included from XOP code

u |nC|UdIng a reﬂectIVIty model |S necessa ry to Infer a XOP2p3_AlphaQuartz1011_4inRadius_IntegratedReflectivityVsPhotonEnergy_BJ20120725.txt
= 010 - |
reasonable electron temperature from free-bound & 0.08~ Bending radius 4", assumed 100 um IS
continuum slope, and to give consistent agreement with g o0.06 - thick, though anything >~50 um gives E
the LOS 170 30 mils Kapton PCD (sampling free-bound £ 004 _—M 3
continuum region) after normalizing to LOS 170 bolo £ 8-%;— E
(constraining yield in K lines) ' 3 . 5
Photon energy (keV)
o D: EXRAY eff.corr. @)
o No xtl reflect.corr. =iz 3 e N T ¥ TR F-b continuum slope
e :(Il:) v > ) G) 3 LD > >\ > fit gives unrealistic
amrom - — L L ;II — 4 Te=8.00 keV with
216 =l = = = o - - = no crystal reflectivity
1108 << < < < < :ET( L << correction.
o EL : | 3008
== = = BREEEH SReraY: ey, R 3'5,;335;
° 45 46 an::n gy-t( ) 49

EXRAY eff.corr.
No xtl reflect.corr.

1033
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continuum
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Error? }-ﬁgh-n limit?

Error?iHi
P
4]
o

. L
O 3.5

N
i
u

4.0
Photon energy (keV)

2.0x103"

EXRAY eff.corr.

e oe|—_ XOP xtl reflect.corr. F-b continuum slope
= ; fit gives reasonable
1.051 0% — = Te=2.07 keV with
= : = XOP crystal
5.0x10%% —— .o, .
= - reflectivity correction.
o=l A | <10
2.5 .0 5.5 a.o a.s 5x10% kv

Photon energy (keV)

o
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H of
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72382 Good agreement between processed Quartz (BJ) and KAP (SBH) TIXTL spectral shapes

= Quartz processed by Brent including XOP reflectivity model

= KAP processed by Stephanie

= With arb. scaling, they are overlaid and have the same free-bound continuum slope
= Free-bound continuum fit is used to extend the quartz data to higher photon energy

= With arb. scaling, the KAP and quartz TIXTLs show the same energy distribution in the Ar K
lines and in the free-bound continuum up to ~6 keV (KAP data flattens out there and is no
longer reasonable at higher energies)

1.000

TIXTL Quartz (BJ)

0.100 F-B continuum fit (BJ) E
0.010 | '\_ —;
s “A(J QJ\*‘EL\ S L ]
0.001 = \4 | e
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Photon energy (keV)

r Sl —— ;

i ow
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110 | 3
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2 4 6 8 10 12 14 16 0 8 10 13
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Z2382 Normalized TIXTL Quartz 1011 spectrum consistent with K bolo and harder PCD

= Quartz TIXTL spectrum with f-b cont. extrapolation 4pi/Lamb. avg. yield with filter trans=1, all 30 mils Kapton
norm. to LOS 170 Au bolo (1.5 mils Be), which had Shot PCD05A53072 | PCD17A53118 | PCD17A53121
10000.0 ? Colulld bé catcﬁing L éﬁoE Filter*Absorb., LOS 170 bolo
%‘ 1000.0 & continuum <3 keV 8?; Filter*Absorb., LOS 170 PCD
- i —
3 100.0F 02:
— — 2 4 6 8 10 12 14 16
o ‘l 0.0 ; Photon energy (keV)
O —
= 1.0 =
01cC From normalized spectrum:
>3 keV Ar K-shell yield (kJ)= 462.49754
1.5 mils Be bolo signal behind filter (kJ)= 398.52802
' 30 mils Ka}pton F’CD §ignal behind filte[ (kJ); 7.0325_5241
500 E ' ' ' =
—~ 400 = -
2 = =
X 300E Norm. spectrum, TIXTL Quartz (BJ) =
o 200 = Spectrum*Filter*Absorb., LOS 170 bolo —=
< 100 E Spectrum*Filter*Absorb., LOS 170 PCD =
0 ==
1 0 — —
- = —
= 6 = ith normalization to LOS 170 bolo yield, the 30 mil Kapton PCD yield =
o 4 — integrates to 7.03 kJ, 23% higher than z2382 LOS 170 PCD. Note —]
D = 5.69/4.29*4.83=6.41, 7.03/6.41 is 9.7% higher, so this spectrum is =
> 2 — consistent with hard PCDs to 10-20%. L-shell continuum would bring —
OF i this down, so need to look at KAP_TIXTL, subtract multiple orders -
2 4 6 38 10 12 14

Photon energy (keV)



Z2382 CRITR spectral analysis from Stephanie

= Stephanie comments that CRITR gives Te=2.8 keV from the f-b continuum. She doesn’t
think that by eye the CRITR and KAP TIXTL continuum slope are that distinct\

= Top plot relates to how to subtract multiple orders from the KAP TIXTL spectrum so that

we can include L continuum in the 1-3 keV range in the spectrum and in the normalization
to yield diagnostic measurements
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—— KAP 1storder
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100 —— KAP 2nd order (no reflectivity correction at 3608 eV)
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72382 >3 keV yield drops to 400 kJ using KAP spectrum, but this is underestimate

= KAP TIXTL spectrum per SBH analysis norm. to LOS

4pi/Lamb. avg. yield with filter trans=1, all 30 mils Kapton

170 Au bolo (1.5 mils Be), which had 398.528 kJ

4pi/Lamb avg yield with filter trans=1.

= LOS 170 30mils Kapton filter #53 PCD check:

Shot PCDO5A53072 PCD17A53118 PCD1/7/A53121
72381 4.8278 4.28901 1.71756
22382 3.59139 (bad) 5.69365 2.39085

6 — Ihe spectrum has higher order
10 Ar K-shell superimposed on L Now catches L o8 ]
5 . i _
< 10 continulym; too much signal continuum <3 keV ~——pros j
{ 10%* E- here nd overestimating the ot %
- 3E <3ke\ [ 0.0
< 10 0 2 4 6 / 8
2 Photon energy (keV)
-Q 1 O From Quartz TIXTL
> 10 -
1 Oo ) From normalized spectrum:
>3 keV Ar K-shell yield (kJ)= 405.17934
This spectrum has 523 kJ between 1-3 keV 1.5 mils Be bolo signal behind filter (kJ)= 398.52802
30 mi!s Kapton'PCD signal behian filter (kJ): 6.2|987451
400 & —
200 = E
~ 0)= -
~ —200: —
© 200 ° Norm. spectrum, TIXTL Quartz (BJ) E
.;:) _600 £ Spectrum*Filter*fAbsorb., LOS 170 bolo E
_888 = Spectrum*Filter*Absorb., LOS 170 PCD =
— ‘] = . ‘ -
1 O — -
— 8= For better comparison with 30 mils Kapton PCDs, need to combine KAP —]
e 6 = TIXTL L continuum data with Quartz TIXTLK-shell spectrum +f-b e
~— = continuum fit -
o 4f E
2 2F E
O = : ~ : : =
O 2 4 6 8
Photon energy (keV)



Spectral yield (J/eV)

Spectral yield (J/eV)

Yield (kJ)

Composite spectrum from three different spectrometers is
normalized to yield diagnostics

- (©) -
300 — Composite spectrum _|
200~ === Quartz TIXTL i
100 --- KAP TIXTL |

0

1
Photon Energy (keV)

104
102
100
102

Spectral yield (J/eV)

= 450 kJ Ar K yield assumes axial uniformity;
needs to be evaluated given zippering

= More discussion in milestone completion

le—> Quartz TIXTL

| <= KAP TIXTL

=» CRITR

5

10

15

Photon Energy (keV)

Improved spectral characterization per
Hansen/Ampleford Al spectra

memo, and in pinhole image analysis below



4pi/Lamb. avg. correction

ted mean  ouartz TIXTL K spectrum
Error contribution (%)

LOS 50 LOS 50 LOS 170 Calorim-
PCDsw/ bolo w/ bolo (0°)  eter w/
TIXTLFT TIXTLFT w/TIXTL TIXTL

22382 error accounting / weigh

Error source and axial and axial filter filter
correct. correct. trans trans
Au bolo cal standard (or calorim) absolute NA NA 15 NA
error (geometry, materials)
Bolometer delta-V determination error NA NA 15 NA
Saturn PCD cal avg std dev (4 PCDs) NA NA 0 NA
PCD spread this shot (2 x 2 PCDs) NA NA 0 NA
TIXTL norm spread (LOS 170 bolo only) NA NA 0 NA
Length variation corr. error (not including) NA NA 0 NA
TIXTL high-hv cut-off variation (NA) NA NA 0 NA
TIXTL crystal reflectivity model var. (1 model) NA NA 0 NA
Lambertian/4r correction error NA NA 6 NA
Quadrature sum (net 1 sigma error) (%) NA NA 22 NA
K-shell yield defined as >3 keV (kJ) NA NA 458 NA

Weighted mean (LOS 170 bolo only) Call it 450 kJ = 25% with caveats



22382 Process MLMC Ar K-shell pinhole camera, look at FWHM after converting to exposure

= Frame 5, closest to peak power: Lineout at z=7.5+/-5mm (LOS 170 :
aperture) gives FWHM=3.9713 mm. o5

= More localized 1mm lineout emphasizes pinch hollow profile, gives ‘ ©z=2.5-12.5mm
FWHM=4.061mm (but not that meaningful—could try Abel inversion) — ~—

= Frame 6: Lineout at z=7.5+/-5mm (LOS 170 aperture) gives
FWHM=3.9305 mm.

= Early frames show imploding shell, but signal-to-noise is low. Column on
axis could be time-integrated self-emission. Zipper is seen in shell.

:f51mm ’ f2

MLMCF!, £13.07D1

z (mm)
z (mm)
z (mm)
z (mm)

z (mm)
z (mm)
z (mm)
z (mm)

1]
x {mm)




72382 Use MLMC to assess axial variation and pulse shape

= For each frame, lineouts were taken at multiple vertical positions across the image (see frame 6, x=0 example below). A linear fit was
performed between z=12 mm and z=22 mm regions unobscured by anode wires to estimate the emission from the top half of the pinch.

The ‘axial structure correction factor’ was calculated for each frame as in the table. Omitting frame 2, which looks wacky, get 1.03921
correction factor when weighting by the total ‘power’ and averaging over frames. Omitting frames 1-3, which have low signal-to-noise, get
0.988328. This suggests that the yield was indeed close to 450 kJ, and that the dominant effect of the zipper is to broaden the pulse but not
reduce the yield due to axial variations in this case.

The ‘total’ column is the best estimate of the net K power from the entire pinch. This is plotted below, along with the power from different
regions. Since LOS 50 diagnostics did not return data, | propose using this to estimate the net K power pulse shape.

Best fit pulse shape uses PCDO5A76040 for foot and tail rescaled to match MLMC foot, and uses spline fit to MLMC points for main pulse.
This is saved as z2382_KPulseBestFit_ MLMCpeak_PCDO05A76040foottail_tnsreltpeak.ufo and gives 50 TW peak power when normalized to

rrrrrr

R e |

o
x(mm)

-15

—-10

-5

0

Time (ns)

450 kI K y|eId,W|thS|gn|f|cant error Frame Z=0-2.5mm 7=2.5-12.5 Z=12.5-25mm Total Correction
1 0.00744649 0.0177738 0.118503 0.143723 3.2344909
2 0.00019937020 | 0.0011224622 0.079976130 0.081297962 28.971296
3 0.00035610041 | 0.014289590 0.092218344 0.10686403 2.9913814

4 0.019053683 0.25404361 0.17665753 0.44975482 0.70815372

5 0.24811670 1.1991908 0.89559443 2.3429019 0.78149430

6 0.078381945 0.71886338 0.89214331 1.6893886 0.94003321
o 7 0.043766787 0.33848485 0.72595897 1.1082106 1.3096132
3 o % x=0 lineout : 8 0.0092225141 0.041883914 0.11759255 0.16869898 1.6111100

/\[W"‘M T T T
E A';‘.NN M E ~ 2 . 5 N N
* / R o 3 - :
3 _A,Ww' h /‘m | ] ﬁ ] = 2 . 0 - Best fit pulse shape PCDO5A76040 :
N Ul J WU W E (@] C (arb. units) :
o] ' ~ 1.5F 3
e e w «~ I P0-2.5mm 1
‘ S ) - P2.5-12.5mm (LOS .
/-;\\ P0-2.5mm ] g 1 0 — 170/330 aperture) —
3 ¥ N, P2.5-12.5mm (LOS 170/330 aperture) * C ]
/ \ : O O . 5 - P12.5-25mm (from line -
- T \ P12.5-25mmj(correction applied from ¢ L fits) ~ R
./ J -kA\‘ AT ) N - ’ X :
] M/ . \Ilne fits as in example above) 0 . 0 — = /el\.._
o S e




72382 TREX 6A/TREX 6B, ellipse_t PET, Ar K-shell time-gated sp

TREX 6A

Window of z2382_tx6a — Regrid Values: (1, 1)

2

8

Radial distance x (mm)

<}\, 2x10* = 3x10* >?\,

TREX 6B

Window of z2382_tx6b — Regrid Values: (1, 1)
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= | couldn’t exactly match the positions of all the lines, which could indicate crystal artifacts or could possibly be physical

due to Doppler/opacity effects shifting apparent line positions. | focused on matching high-n lines which should have

lower opacity, or for early frames the outer edge of a Doppler split oval which should be at the correct reference
wavelength. Note the wandering of the Ar He-a+IC in the later frames of TREX 6B. This will require further assessment.



72382 TREX 6A/B, construct effective K power pulse, compare to MLMC

A lineout was taken across each frame, integrating over the radial spatial dimension

= One can clearly see Ar He-a emission only at early time, with Ar Ly-a turning on before peak power
and eventually becoming brighter than He-a

These were then integrated to give ‘effective K-shell power’ pulse (bottom left plot)

= TREX was looking through 10 mm tall aperture aligned similarly to LOS 170, but TREX is at 12 degrees,
MLM at 13 degrees, so view will be slightly different

= TREX spectral range capture Ar K lines, but not the free-bound continuum

= As with the MLMC pulse shape, this assumes gain is identical between all MCP frames (and in this
case cameras,) which may not be true

| shifted TREX ‘power pulse’ by 2 ns to get reasonable agreement with the ‘power pulse’ constructed from

MLMC Ar K pinhole images (green curve in middle bottom plot, or compare to 10 mm aperture view black
curve at bottom right).

| would say that the TREX and MLMC produce consistent pulse shapes, but FWHM of the MLMC/PCD

combo pulse could be larger by ~25%, and there is at least a factor of 2 error in the amplitude of the foot
and tail pulse from the PCD.
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Electron temperature (eV)

72382 Te from Ar K line ratios is less than inferred free-bound continuum slope

= Ar Ly-a/Ar He-a+IC line ratio is 0.666; Ar Ly-b/Ar He-b+IC line ratio is 0.625; using composite spectrum, Quartz TIXTL for these lines.
= Using ‘best fit’ pulse shape, peak K power was 50 TW. This could be 2x uncertain.
= Using Apruzese JQSRT 1997 contour plots at 3 mm diameter (closest to size from pinhole images; hollowness not accounted for)

= Suggests Te ~ 1 keV and ni of a ~3e20/cc. Significant caveats—pinch looks hollow so methodology may need to be revised, power level
is uncertain 2x => 2x error in density, etc. It seems unlikely that 2 keV is feasible from line ratios as this would require much lower K
power; even with 2x error in power, Te <1.3 keV from the contours given measured line ratios.

The free-bound continuum could come from a hotter part of the plasma (Te=2-3 keV) than the bulk (hollow shell) that is emitting Ar K
lines at closer to Te=1 keV. Could use CRITR-RR to infer Te at various radial positions—by eye it might have higher Te near center, and it
certainly has the brightest continuum emission in the center rather than being hollow.
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