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Notes

See file SaturnPlanarShots20070726.xls for summary data and load descriptions.

This file summarizes current, total radiated power and yield analysis, and shows the MLM imager time-resolved pinhole imaging
data. | will provide the MITL and load current, LOS A and B total radiated power waveforms in separate pff and text files.

This analysis corrects for XRD, PCD, and MLM timing errors.

The PCD data has not yet been analyzed. This will be most interesting for shot 3688, where PCDs with 8 um Be + 1 um CH
filters will give Al K-shell power and yield.

Shot 3688 also had TIXTL data showing time-integrated, axially-resolved Al and Mg K-shell lines. This has been processed and
will be discussed at the end of this file.

The MLM quick-scan images are shown in this file along with timing information. The high-resolution scans have not yet been
processed and conversion from OD to exposure using the step wedge images has not yet been performed. Because of a timing
error in the MLM imager that we only worked out after the shot series, many of the images were taken after peak x-rays.

Shot 3685 fielded the Cuneo/Waisman/Fowler voltage monitor and may have usable data. Eduardo is looking at this. Hopefully
we can obtain L(t) and address questions of energy coupling.

Preliminary observations:

— These planar arrays radiate ~10 TW at ~3 MA on Saturn. This may point toward I? scaling, but we would benefit from
matched Zebra shots at 1 MA and higher current (e.g. 5 MA in 100 ns if possible) on Saturn.

— There is a reduction in radiated power with decreased array width, though one could also expect better coupling to a
hohlraum with a smaller array. Maybe the 12 mm width is not so bad. Roger Vesey may offer insight here.

— Although yield increased with increasing implosion time, the ~10 TW level was not exceeded. We did one long-
implosion-time 6 MA shot (3675) which produced a broad 8 TW pulse. Perhaps the long implosion time (and large wire
size) may have degraded the performance, and it would be interesting to do shots at high current while keeping the ~100
ns implosion time, and to try higher wire number.

— Comparing the numbers in SaturnPlanarShots20070726.xls, it seems that a 0D model cannot predict adequate coupled
kinetic energy to explain the x-ray yield in the first pulse—it is a factor of 2-3 short in all cases (unless we assume
extremely high convergences).

— The MLM imager offers some insight on dynamics. Shot 3685 shows the implosion progressing, with bright spots on the
leading edge that become broad emitting regions in the stagnated column. There is a lot of axial structure. Shot 3683
shows what looks like m=1 instability growing and breaking up the ~1-mm-diameter column at the time of peak x-rays. A
broad ~4-mm-wide striated column is formed that retains its structure for a long time after peak x-rays (seen in many
shots, perhaps formed by the same mechanism for all). We may be able to address what convergence ratio is obtained
using the images and the voltage monitor data, and start to address energy coupling. It could be interesting to study the
formation of the striated structure and its impact on pinch resistance with MHD modeling. If such a simulation could be
shown to produce the appropriate density contrast parameter and resistance that Chuvatin is using, this would be
interesting and would help produce a convincing story that resistance is important. Sandia
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SaturnPlanarShots20070726.xls

TEFRE |
EiEfs

Load design parameters | realize that the above is too small to
read (though print this on 11x17 paper
and it might be ok). | will also include it

PI Total Implosi i i

_ ar?;;r Interwire _ wire moasas.*leng Total t::fgomn In-an EXCGI flle'
s g Ry Y PG e e b, " |« On the left is an excerpt showing the
3670 W 19.25 20] 0.512821 40 9.09 0.500 0.999|Nominal basic ShOt p|an_
3671 W 19.25 20| 0.512821 40 6.41 0248  0.497|Early
3672 W 19.25 20| 0.512821 40 12.86 1.000  2.000[Lat *— i i
36737 |W 19.25 20| 0.512821 40 12.86 1.000  2.000 L;Z ¢ _VOItage monitor flelded’ but reduced
3674 |w 19.25 20] 0.512821 40 9.09] 0500  0.999]Nominal load current perhaps due to post-h0|e
3675 W 19.25 20| 0.512821 20 2558 3957 7.914|very Late
3682 W 19.25 20| 0512821 40 909 0500 0999Nominal convolute short
3683 W 19.25 8| 0533333 16 2821 1925  3.850Nominal )
3684 W 19.25 12| 0.521739 24 1925 1aa5]  2essnomna | © **=proken WIres, data not usable
3685°  |W 19.25 12| 0521739 24 19.25 1.345]  2.689Nominal )
3686 W 1925 8] 0533333 16| 2821 1925 aesoNominal | ® ***=MI|TLS not puIIed and cleaned prior
3688 Al 27 20 0.512821 40] 2360 0472]  0.945|Nominal

to shot, data may or may not be ok

* These shots can definitely be used in the ‘mass and implosion time scan at
fixed width 20 mm’ data set: 3670, 3671, 3672, 3675, 3682

* These shots can definitely be used in the ‘width scan at fixed ~100 ns Sandia
implosion time’ data set: 3670, 3682, 3683, 3684, 3686 National
- 3688 was the one Al 5056 shot that we did Laboratories

Brent Jones, 7/26/2007



Loads designed with OD implosion simulations

* Andrey Esaulov calculations shown here

— Inductive current division between
discrete wires

— Return current cage boundary
condition

— 0D implosion of wires, no ablation

— Expected to give accurate estimate of
initial inductance

— Expected to give reasonable estimate
of coupled energy (all kinetic energy
plus collisional losses when adjacent
wires collide, conserving momentum)

— Q: Are kinetic energy values in
spreadsheet already including the
coupled energy lost in wire collisions?

» Sasha Chuvatin also implemented 0D model

— Uniform current division between wires

—  Similar results for implosion times and
coupled energy

— Some residual questions on
disagreement between Esaulov,
Chuvatin results—circuit model
differences?

* Eduardo Waisman also implemented
Rudakov’s 0D model with simplified field
structure assumed to calculate inductance

— Inductance not expected to be
accurate, particularly at high
convergence

* In the end, Esaulov’'s model predominantly
used for load design guidance. Post-shot
comparison with experimental results will be
used to refine models. .

Sandia

National
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Diagnostic view from Diagnostic view from Diagnostic view from
Line of Sight A (LOS A) Line of Sight B (LOS B) Line of Sight C (LOS C)
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20 mm wide, 40-wire plan axis represents the stagnated
pinch location (view factor correction obtained from these images). Ruler is in the plane
perpendicular to the isometric viewing direction, and not parallel to the pinch. All three
views are 35° from the horizontal.

Diagnostics on LOS A: Diagnostics on LOS B: Diagnostics on LOS C:

XRD (5 um kimfol filter) XRD (5 um kimfol filter) TIXTL (KAP, 2" radius, 20°

Bare Ni bolometer Bare Ni bolometer rotation; 0.5 mils Be filter; fielded

PCDs (8 um Be + 1 um CH filter) PCDs (8 um Be + 1 um CH filter) only on shot 3688 to look at time-
MLM imager integrated, axially resolved Al/Mg

K-shell spectrum)
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The MLM imager combines three 8-
frame pinhole cameras gated with 1
ns pulses. MLM1 and MLM3 view
hv=277 eV images reflected from
multilayer mirror monochromators.
MLM2 employs an 8 um Be filter to
view hv>1 keV images.




Summary analysis plots and comments

Radiated power(TW)

Radiated power (TW)
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Optimum power at 1-2 mg, ~100 ns Yield even in first peak exceeds 0D 0D is flat as expected, while first peak
implosion time? estimated kinetic energy. More yield in first  yield trends toward 0D value for large
peak for shorter implosion times near, mass or small width. Small mass, large
comparing 0.5-2mg? Opposite 0D trend? width more subject to resistance?
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Larger width does better, but smaller 0D trend is flat, but larger width has
array can drive more compact more first peak yield (though fairly flat Sandia
hohlraum. What is optimum? total yield). :
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------------ MLM 1, 277 eV Camera mounting orientation on MLM3 flipped the
L anode (A)-cathode (K) orientation relative to the other
MLM 2, >1 keV two cameras for this shot series. This will be
----- MLM 3, 277 eV corrected in the future. Recall also that MLM1 and

1 ns gate pulse, 2 kV phosphor bias 6
for all cameras. DC bias (V) =

MLM1  -300 Distance scale

MLM2  -250 corrected for

MLM3  -400 MAG=1/2:
10 mm s

MLM3 will have
images mirrored in
horizontal direction
relative to MLM2.
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Camera mounting orientation on MLM3 flipped the
anode (A)-cathode (K) orientation relative to the other
two cameras for this shot series. This will be
corrected in the future. Recall also that MLM1 and
MLM3 will have
images mirrored in
horizontal direction
relative to MLM2.

Laboratories

Brent Jones, 7/26/2007




Shot= 3 B74; BIAVE,

2 =2:061 72MA, tageyeq=1.89000c—0073

10_ T T ,__r — T 7
N I : 1
C | : ]
i . g 3
E &6 ! : =
= F : o ]
g L : ]
s / i ————"
= L | : —
C e : e b 4
= ,;( IS RTE|
- 1 * -
- 4%*"— S e BIAVE
oL ""ﬁ 1 1 1 ]
0 11077 3X1077 431077 Sx107

Tios= 34,5186, L pe=36.8343A
afF T

Time (s)

QVA—’I 4—3512\/ ﬁVE.—Z 43760\f

HLACIND
—_ AT T NAE Do —
= 101H0I =
m m
E 113N0 2.0 ]
w JISNOB ). =
5 1IN0 . w
% § —l4p 1
£ —15F ! £
B = II
& —_ank 5 —16
—25 —1&L . . ,
—4><1D—i><10'*’ o 2:-:10 ‘hxm "axm hx10~8 —Ex107" o =107 1x107®
Tirme (s) Tirne (3]
Vmclx = 7147397, 1.46497, 1.030550, 0.970904 v
1.0 i T 7 T [ T T m T T

&
|

R

[' \,Ii*\r

| |

| |

i i
: | |
INHEN i i
| |
| !
I

I
I
I
I
I
I
1 il |
III|i,I L |

L: | [ ]
: ||'.II |!~ r\u. ;m\ IIII%I;IIIIJ ".: IIIr'.,I'IIﬁ.}{LIf"L;' ‘ %
1]

%_._._._._._.

.......

Lk i

""% “IIRLI e

[ A T Lol o i 1 L

) :
2. 1=107 2.0x107

2,3x1(}_7 24107 2.5x1077 2.6)(10_7

............ MLM 1, 277 eV
---- MLM 2, >1 keV
----- MLM 3, 277 eV

1 ns gate pulse, 2 kV phosphor bias
for all cameras. DC bias (V) =

MLM1  -330 Distance scale

MLM2  -400 corrected for

MLM3  -430 MAG=1/2:
10 mm s

Time (3]
- 2-‘
At 3 4'
- 4 i

negLA_I'-I M.q|=80-1 2ns, I:D-c_'ngl_I:1lm=75-n

=2.931TW; t

Total x—ray power {TH)

&l narmalized to bare NP beles
Sum kimfal ERD, LOS A

Bum kimfal XRD, LGS B

Bum kimfol XRO, LOS &, sensitive
Sum kimfal XRD, LOS B, sensitive

Y IIIII'I'I'I'I||1I II‘I‘II'I'I'I'II‘I 11

2x1077 3x107 31077
Time (s}

Y ipi= 36, 37K, Y L =3 240K Vapa=117.9KJ, ¥ =113 1k

Tatal x—ray yield (ki)

2x1077 Ix107 41077

Time (s)

Total pawer {TW)

! III'
|

2107 Ix107 4107

Time (3)

ol

A W N R

Camera mounting orientation on MLM3 flipped the
anode (A)-cathode (K) orientation relative to the other
two cameras for this shot series. This will be
corrected in the future. Recall also that MLM1 and
MLM3 will have

images mirrored in Sandia

horizontal direction .

relative to MLM2. Na'[IOI'IaI .
Laboratories

Brent Jones, 7/26/2007




" Shot=3675; BIAVE =6.02704MA, taye,e=2.94600—0075 Progu=7.995TW, Ppogg=8.368TW: byt y=160.5ns, tx_urkg—t1m=1lf3n
B I 8N S ' Al normalized to bore| Nl bolos ]
al [ = T Bum kimfol XRD, LOS j ]
r : “'E’ 8 Sum kimfal XRD, LDS B -
;z? oL , s Surn kKirnfal XRD, LOS [, sansitive ]
:’ - | 2 4 | Bum kimfal XRD, LOS |B, sensitive L
5 N I z F 1
o4 ! Tor ]
L) L | B = -
- | z 2[ B
2 — jﬁ E L -
- o
y) P . coutl 1 L L o ! ! f |
] 1%1077 2x1077 X1 4x107 5x107 2x10~ axin™? 4x1077 sx1077
Time (s) Time (s}
loo=35.337 1A Loupye=37.2717A L=1. 79921V, &vg=5.29874Y Vi =317.5K, V=304, 4K Vipe=495. 2K, ¥\ grupn=426.9kJ
[ FREEEN: | FETRTIN T RN SOUE ' al ' ' '
= e B O N = L BLATOTNO — 400F] =
0 e M ok 1T = E 3
= TR A101N0|b¢um = —iof <4 1 2
E dis : 5113NQJ ............... E D 300E E
& ~10 F 5 SR = E E
e ' ?_15fF ﬂ\ S z 200 =
£ a0 3 £ T 8 E
£ £ X 1e0E E
2 2 201 . E E 3
EE —in E n% 20 K A L AR 5
gty E 3
—40 —2aL, . , , —100E . . . , 3
—4><1D—%<10'*’ o 2:-:10 ‘hxm "axm B8 —Ex107 o §x1077 w1078 210~ 31077 41077 ax1077
Time () Tirme (s) Time (s)
Ymax = 158, 065? 4970717, 1.113632, 2 85561 1
1.0 T - 7 |. RENGAT L T T 10.00CG0E T
L +—— HACDOBKME' S (N TR ! i i E
[ % — -3 XBCg B it : i o i B
OB o _d Patstns Rt R < 10000 -
€ sl A om smase | F 4 i ' b F
ook p B L L el 5 cieop
2 - S ol | \.I.,H,E'J i i z |
= 04 L : daeh gl =
g) W a i b |:‘! O ER T i — omea
L n : e AE R : " H H H a E
Pozl T LL AT s *n‘%s_.\ I N 1 & 3
- :w’:.'“*«é{r"?-‘i:m s : E | : : J%uuzﬁ -H 1‘.’9‘7; I%T*%F\A%”f"\%hﬁtﬁl- ] 0.0amo
L i R [ P [ T [ Il - .00 L \
2.8x1077 2.8%107 30107 31x1077 3.2%1077 23x107 17107 2x1077 I=107 4x1077
A T|rr'2 (3) Time (z)
g —mrun T o) - — _
------------ MLM ]_, 277 eV d B 1 o &| Camera mounting orientation on MLM3 flipped the
o= MLM 2. >1 keV A o s 1 - anode (A)-cathode (K) orientation relative to the other
d e 7 vom 2wm ¢ : ” « two cameras for this shot series. This will be
----- MLM 3, 277 eV ¢ T, 2 o é 7 g 2 ¢ corrected in the future. Recall also that MLM1 and
1 ns gate pulse, 2 kV phosphor bias 6 we 3 e v mléMgsWrwir?gy:d in S d
for all bi = % R 3 a9 g ored dandia
or all cameras. DC bias (V) r A 3 h
‘ A e 3 orizontal direction .
MLM1  -300 Distance scale =2 n relative to MLM2 Na'[IOI'Ia|
MLM2  -400 corrected for |5 e 4 wam 5;‘ 5@ - + : ' .
MLM3  -400 MlAéB:1/2: T — iy * an /| aw Laboratories
mmn s

Brent Jones, 7/26/2007




Shot=3682; BIAVE,,=2.97867MA, tgmmkq 85400e—007s

Total pawer {TW)

liln
af-
o C
E 8=
-E‘ -
5 C
5 4
L]
af-
) m————— .
] 1x1077 2x107 X077 4x107 5x107
Time (s)
IMM—SL} TE27A, Ih,,,GB—SG 8467A AV,=2 74408V, Avg=4.80522y
2E g Y - CERE T 7O B
— P — —10FB - —#% | BRATCGING ]
= =
n -3 S O EEERRERS o e ]
cC . cC
& =10 R=d "
N RT3 ]
B —15 k]
'3 [
E _og '_E —16
& &
—25 —l&E m—nT-lhu
—30 —20k .
—4><1D—i><10'*’ o 2:-:10 ‘hxm "axm hx10~8 —Ex107 o =107 1x107®
Time () Tirme (s)
Wmax = Z4.14E68, .'3_’.3 26?’] 545492, BICEB17 W
1.0 T LA N N B R B R T T
XACDYEKMB AR TR AR RN [ ]
0.5 *BCY3kME e e N [ ]
A R [ 1
ey S A I I O O O B | [ -
E 08 TR A I R
£ SRR N R .
— 0.4 SR R [ [ —
2 I N T
— = ;I Y NN [ 1 -
©o0z¥ R N NN i 7
C Ll pi) P L. J
0.0 Ly." . . --.... _.:_:::' -t -.__- i 5
C 1 1 : S Y N I TP A Y Y | ]
2.0x1077 ZE=107T ZAXI0TT 2EX1GT 2.8x107
Time (3) A L
............ MLM 1, 277 ev
---- MLM 2, >1 keV
----- MLM 3, 277 eV

1 ns gate pulse, 2 kV phosphor bias
for all cameras. DC bias (V) =

MLM1
MLM2
MLM3

-300
-400
-400

Distance scale
corrected for
MAG=1/2:

10 mm s

?Eﬂm—a TSOTWI Ppeukﬂ=8.443:TW; tpew—t1MA=GB:25nS, tw_'u_kE,—tm:?B.Oan _
& 1 All normalized to bore M keles —

= [ 1 sum kirmfol XRD, LOS & 2

‘E” s : Sum kimfol XRD, LOS B ]

N | Sum kimfal XRD, LOS A, sensaitive .

2 | Sum kimfal ¥RD, LOS B, senaitive J

&40 ! ' =

TOF ! [ ]

= - | -

T 0 | ]

l9 B ! s T

B I ]
v i . P T
13107 2%1077 %107 %107
Time (s)

- Y4M=|184.5kd, ¥ ,\=’l|75,9kd; Y,H,E,=227.I4kd, YLa_'th‘B=218~OkI*J
1= I B
= 150 f— —f
2 F ]
5 1005 E
0 r ]
X os0H E
E o E ................................................................................................... E

_enE . . 3

w1077 21077 Ix107 41077
Time (s)

10.0000 E
1.0000 -
0.1000 |
0.0100 |l‘ _;
'N*” “|| | "mnpp
£.000 .

17107 2x1077 I=107 4><10"

Time (3)
KA
8 1 | Camera mounting orientation on MLM3 flipped the
: anode (A)-cathode (K) orientation relative to the other
o two cameras for this shot series. This will be
7 2 4 [ corrected in the future. Recall also that MLM1 and
£ MLM3 will have .
images mirrored in Sand|a
6 3 ~ horizontal direction .
2 relative to MLM2. Na'[IOI'Ia|
. .
5 4 » 3 Laboratories

Brent Jones, 7/26/2007




Shot=3683; BIAVEy=3.17767MA, tasepe=2.11000c—0073

10 T

Current [Ma)

1II'(I|III

-
[

ot i
:ﬁ;

A

III|II'F

0 11077 2x1077

Tygios= 34, 37284, Lyipe=36.3553A
aF T

Bolameter signala {v)

—320
—4><1D—%<10'*’ o 2:-:10 ‘hxm "axm hx10~8
Time ()

Balometer signala {v)

Time (s)

—1&0
—Ex107"

3X1077

M, =2 I3LETY, Avp=4.27855Y
8 T T

2182, 450299 48991?\:"

|
1
1
W,
1
o
|
1
1
1

|II II'

1.
|
|
|
|
¥
I
*\’Hﬂ ||

Total pawer {TW)

B :L BT : .
ot [T

1 . 1
1.9=1077 2.0)(10_7 2Ax10TT 2.2x10

F_'EEEM=4JIS17T\:V, F’De%ﬂ=4_.3_1 1TW; tpew\—t]m=7:3.4-9ns, tw_!kﬂ—t1ml=73.49ns
: | | &l normalized to bare M boles
=1 | Sum kimfal ¥RD, LOS A
= ' Sum kimfol XRD, LOS B
§ 3 : 3 (B Surn kirnfal XRD, LOS &, sensitive
4 | | um kimfal ERD, LOS B, sensitive
P = | I
T |
= I
= I
0
. ! | - . !
131077 21077 Ix1077 4x1077
Time (s}
- Vs = 15588k, YLE"F*“_=152'3KJ; W ape=209.3kJ, YL‘,_',,,_,,B=2O1,3L<J
— 200F
= E
= 150
z E
z r
? 160 ;—
| o
= BsoH
2 o
2 nE
—s0k . L . .
=107 =107 Fx1077 4x1077
Time (s)

i

12107 25107 3><1|0" 4x1077
Time (3) z X Time (3)
A K —
............ MLM 1, 277 eV 8 e 1 - Y18 - 1 o o] Camera mounting orientation on MLM3 flipped the
anode (A)-cathode (K) orientation relative to the other

---- MLM 2, >1 keV de (A)-cathode (K) orientation relative to the ot

J two cameras for this shot series. This will be
---- MLM 3, 277 eV s 2 . e 2 rg corrected in the future. Recall also that MLM1 and

. MLM3 will have
1 ns gate pulse, 2 kV phosphor bias E'l . . . .
for all cameras. DC bias (V) = O 3 - 6 ww 3 o mﬁggztglgﬁ;ﬁéﬁ Sand|a
MLM1  -350 Distance scale 3 » : N t I
MLM2  -400 comrected for " 2] relative to MLM2. atona
MLM3  -450 MAG=L/2: Qeas /&= O = 4 e % Laboratories
MM — -

Brent Jones, 7/26/2007




Shot=3684; BIAVE,,

0=2-9597 TMA, tagepeq=2.10600c—0073

FI

—t,,=71.15ns

. ] . i I_rmm:?.ID?OT\ﬁr', Ppeukﬂ=8._1f¥4-TW; tpew—tm=7l‘2.55ns, tpﬂkg _
L I B I : All normalized to bare NI belos -
E | = [ | Sum Kimiol XRD, LOS A .
- : =8 : Sum kimtal ¥RD, LOS B ]
;z? a0 | s | | Surn kirnfal XRD, LOS &, sensitive -
I I 2,0 | Bum kimtal ¥RD, LOS B, senaitive ]
5 B | &= T 1 =
£ o4 I e = T I o
a B | ";‘;_”: % o [ | 1]
B 1 £ = - | 3 -
2 :— #{f ,9 N | Al :
oL s . . . ] S o s . .
] 1x1077 2x107" X077 4x107 5x107 11077 2x107 I 4x107°
Time (s) Time (s}
Ib‘,m—35 S5BE4A, Les=37- 5033A A, =2 865130V, Avg=4.92770 Viapa= 17430, V=187 Thd; ¥ ue=233.9kJ, ¥ ampa=224.2kJ
*F e A ALING. ., } '+—u%aﬂ$._9 _________________ O : = ' ' E
[u} — 2 _ 0 ] ol 1
= b z op 1070 ikl 1 I ]
z SEL LI S = 1s0F] :
E” ok W s e E_’ ,g_i E E
[ e T R it i [ _14 . 100 r | [T
3 -is E N E
2 S # ol |
E _on '_E —16F ] - s .
[»] [} ) - -
m —ag m —\&F - [t ] E ]
—30 —2ob . —50k . - . . n
—4><1D—%<10'*’ o 2:-:10 ‘hxm "axm hx10~8 —Ex107 o =107 1x107® 1x1077 Zx1077 3x1077 41077
Time () Tirme (s) Time (s)
Wmax = 14,9888, 17.5063, 3.03152, 5. 65402 '
= T BRI L L (R LT L A TR BT B T T T 10.00C0 T
_--ADQBKMB|'|;|;|;||:|I|i|i i i i 3
" C | B e e A | I I I I ]
"EE'Iﬁﬁ.’Z T T T T T O T B 4 . 1000
.--§15D4%§|§|§|§|§||§|!|!|| [ _E
] ﬁ S N R AN P [ = T oaeco
vy :*\:I:I_I:I:II:IIIIII P [ ] &z
\.;"». \ | I I II;I I B I I I I — 8_
\_:g{:.h:i" |:|_f‘.|_nr"\||:|| [ | 1 | 1 4 _— O0.meo
e o T g STy I O I R N T B 4 2
S, S : R s s =
ST EL R TR | i Lo 1 =
R NI ;‘5'1"(1"{:{ NN S e A u.0o10
:H;ﬂ'f"\ﬂlfﬁ:i’: : E‘“:m,fm il g Frv‘\.‘ﬁ_w%,‘%m vt .
\ RPN T Lo o N .00 i |
2.0x107 2107 2.2x1077 Z3=1077 Z.4x1077 281077 11077 22107 3107 42107
Time (3) Time (3)
A K K A : 0’ - X . :
............ MLM 1, 277 eV S = 1- - - q 8 wam 1 e Camera mounting orientation on MLM3 flipped the
——=- MLM 2. >1 keV . anode (A)-cathode (K) orientation relative to the other
J € two cameras for this shot series. This will be
----- MLM 3, 277 eV ™ 2 - 7 w 2 ww 'E corrected in the future. Recall also that MLM1 and
1 ns gate pulse, 2 kV phosphor bias E mlél\ggswrwir?g;leed in Sand|a
for all cameras. DC bias (V) = 6 vy 3 g 6 oy 3 e 4 horizontal direction .
mtm% :2(5)8 Dlstancte Sc]:‘ale 3 relative to MLM2. Na'[IOI'IaI
corrected for 5 i 4 e 5 e 4 e ¥ I_ b t .
MLM3  -450 MAG=1/2: > s : aporatories
10 mMm s

Brent Jones, 7/26/2007




Shot=3685; BIA\/EEE,(=I2.5 BO:I-DMA, tsl.flenggf 1.9 20004?—0075

1n0r T .

r I ‘ L

sl ! DR

C : 4 AR
z F - I3
E &6 ! . T
E 4 - .
- 4 [ - ]
= = ¢ - -
N D i f 3

BWAVE

2_— I#ﬁ_ﬁ““—- -

Uiniﬁﬁ-ﬁﬁﬂdf L . . ]

0 11077 2x1077 3X1077 431077 Sx107

Time (s)

Tooiot=35. 10584, Tpee=37.2117A
SH Ao
b

A, =1.85990Y, Avp=2.90449Y
8 T T T T

=3.928TW; t

et~ b= 7B 1713, tpoga—tyu=77.97n5

peakB

]

b

-

Total x—ray power {TH)

L]

Al normalized to bare NP kelos
Sum kimfal ERD, LGS A

Sum kimfal ERD, LGOS B

Hum kimtfol XRD, LOS A, sensitive
Sum kimial XRE, LO% B, ssnsitive

IIIIIIIrIIIIIIIII]IIIIIIIIIlIIIIIIII

L.

2x1077 31077

42107
Time (s}

YV ipa= 1 10.5K, Y L= 080K V=139, 3K, Y qpupn="133.5k

- O 5 — = Ll ]
%': —— 104N ?I: = __ .................................. =
2 “SEe -4 [HLETISNO | 1 = 3 -
& - —0. TIZHOB = = L ]
10kl ... ... T ] Pl ] —
5 I?_ T3NO] 5 B ]
£ —1sf [ ; £ = .
i = E
@ _anf , . & C . ¥ C ]
_oa . . . . . . . . L . . . ]
—4x1070=107% o 2x107%x107Ex107Rx1078 —5x107 o 51077 1x1078 2x1077 31077 4x107
Time () Tirme (s) Time (s)
Wmax = 8.33011, 7.97628, 1.37583, 2197598 v
Vb ] xacoopkma Ky C ] '
osf ¥ - F| XKBCOSKMB P 3
Coo——o| PATEO2Z i e P 1 =
Sosf o —af poisoh7 il b 1 E
2 TR IR S AY P ] ¢
= 04— Lt Don o . ol | I | | — 8_
2 SRR eh 1 1 = ,
b= - AL SN [ O T 4 2 ,
wr 0,2_— ! \4{%‘\1{} \ght 3 I i :wﬂ(fr.‘ i 'J bﬁm r*“__ = h||] 'II““
0.0f TP S “‘ﬂ--.%ﬁ-.a;}..-a?éﬂImﬁ.;u-’;f.m‘;- RS ' |
: 1 : : ; : 1 I 1. I I I I I J 1 iy 1 1
201077 2.2x1077 241077 261077 2107 31077 4107
Time (3) Time (3)
A
"""""" MLM 1, 277 eV S e i 8A ; K 1 9 8 ' Camera mounting orientation on MLM3 flipped the
———- MLM 2. >1 keV " anode (A)-cathode (K) orientation relative to the other
J two cameras for this shot series. This will be
----- MLM 3, 277 eV [ -~ 2 i3 7 %) 4; corrected in the future. Recall also that MLM1 and
. MLM3 will have
1 ns gate pulse, 2 kV phosphor bias i ; ; H
for all cameras. DC bias (V) = O e 3 iu Images mirrored in Sandla
. 6 3 v horizontal direction -
m::m% -2(5)8 Distance scale % relative to MLM2. Na'[IOI'IaI
MIMs 450 mageuz B 4 4w § Laboratories
- 10 mm m 2 . '
— B ~

Brent Jones, 7/26/2007




liln T
- |
B |
B I
— r |
.q]: -
E B !
o N I
5 L I ]
%’ 4= | P
“ C : ., _.——"‘:
2 gﬁ,
r Sy
o R, | / A A
] 1x1077 2x107" X077 4x107 Sx1
Time (s)
Loes=35.20804, Ih,,,GB—ST 2595A A, =2.93138Y, Avg=0.00252Y
e d A N e o g e CEEE S A R
= Obs IUINUtEE : o —1OpF - BUATOI NGO ]
g 101NOI| ] -
E ..... 113“0 | E e e | U m
B qofd o AT T E
E ................................. f _HM =
5 15 k
Q@ [
E _on '_E —16
& @
_1g —1&8F .
—20 —20L .
—4><1D—i><10'*’ o 2:-:10 ‘hxm "axm hx10~8 —Ex107 o =107 1x107®
Time () Tirme (s)
Wmax = 12,7758, 10. 482{} 54BZ0Z, 7. 2096.3 '
AL T T T T T T T T
KACO9BKMB . 0 1 0000 1 ]
COPRME o 00 0 -
Plgsoze 0o 1 a ! o ]
il | I | il | I II I I I | I -
;IPEH ‘3’7 LIS T R R ||,.\|\ [ ‘.‘:J«K\\i i ]
: “ E RS I R A B B (R T |;ﬁ1_| R E b
i & L;‘%E“*E'WET‘, R B TP o g !r*. [ -
T e W I R I B L NN
Lo R R ||"IP I R oo
o I T T B ,r 3\ G‘JQ&L [ i
T . ] . ] : -" T ]
ohog lpt ) B0 ) W R g, 3
C . FEE B T R R 0l i. [ i i . b
Z0x107 2.2%1077 ZaAx0T 2651077

Shot= 3 B86; BIAVE.,

= 2-60098MA, tageyeq=1.95600e—0073

1 ns gat

for all cameras. DC bias (V) =

MLM1
MLM2
MLM3

MLM 1, 277 eV
MLM 2, >1 keV
MLM 3, 277 eV

e pulse, 2 kV phosphor bias

-350 Distance scale

-400 corrected for

-450 MAG=1/2:
10 mm s

1 mem

2 saw

3 oo

i i

2

sy
4 o ’

oo =585/ TW, Poyg=4.978TH: tega—1ts=65.93ns, tw_'u_kg—t1ml=65.n_
E | : All normalized to bare MNP bolos E
= " 3 I Surm Kirnfol KRD, LOS & E
= LE ! sum kimfol XRD, LOS B E
§ E : Sum kimfal ERD, LOS A, sensitive E
2 zE] | Sum kimfal ¥RD, LOS B, sensitive LS
é\ |
T2 1
= |
R !
= I
¢ - I L .
o~ 1x1077 2x1077 Ix07 41077
Time (s}
- Y4EA=194.6KLJ, wa’IBB,BKJ; Y.H,E,=24|2.Okd, YL‘,_',L,,B=232,IOL<J
= 2005— E
= 150 f— —f
% F 3
5 1005 E
| oy -
s E
B oF :
—E50 E L L L L E
11077 2x1077 31077 41077
Time (s)
10.00C0 T T E
1.0000 -
= E
E
o 01000
E
2
_: 0.0100 ! =
K E
0.0010 =
£.000 . . ]
17107 2x1077 I=107 4x1077
Time (3)
K A - - - - -
: 8 - 1 - ¥ Camera mounting orientation on MLM3 flipped the
9 » anode (A)-cathode (K) orientation relative to the other
A two cameras for this shot series. This will be
A 2 - § corrected in the future. Recall also that MLM1 and
. g MLM3 will have .
images mirrored in Sand|a
6 @ 3 @ | onizontal direction .
i relative to MLM2. Na'[IOI'Ia|
4 .
5 we 4 w Laboratories
Brent Jones, 7/26/2007




Sh Dt=3l|388:; BIAVE . =3.6 1863MA, t,

= 2.04800e—007s

III|IIF|I'II’|III|III

431077

A, =35 36230V, Ave=0.7877 3
8 T T

Balometer signala {v)

Tatal x—ray yield (ki)

§x1077
Tirme (s)

=Y

0364, 8.96855, 3.54

10,0000

Total pawer {TW)

|HJII|III|III|III

10
- |
= |
8_— |
— o |
=
= 8 '
= [ !

c r 1 o
5 | -
C v

I A
2 ,4;%
] e — P il e 1
0 1x1077
Loy =35.0B584A, [,.e=37.03654
v ' jﬁu}ﬁ NO
= HLALGINOB
= ]
m
g
o -of]
5 :
(i)
5
E —20
—20 L | L L L
—ax10=Bx107? o 210 Mx10Ex10-Ex100
Time ()
Wmax =
VT dadoeerme T
osf ¥ ¥ XBggeKMB: 7 |
. o © PA1S022B o [
£ o & : PB15047B4
g L S .
E 04— :
= il
0.0f4 g
18107

Total x—ray power {TH)

=5.476TW, P

t,,=74.51ns, t

tyu=74.11ns

peaks peaks _ peokB

=4.667TW; ¢

I &l normalized to bare MNP bolos

Bum kimfol XRD, LOS &
Hum kimfal ¥RCD, LOS B
Bum kimfol XRD, LOS &, sensitive
surn kirmfol XRD, LOS B, sensitiva

1%107 21077 IR0 431077

Time (s}

A00

YV apa= 224, 2K, Y =214, 9K; V=278, 9K, ¥ qrun=267.4k

250
200
150
1C0

50

—&0

11077 =107 Ix107 4107
Time (s)

1.0000

0.1000

0.01G0

0.0amo

0.00H1

11077

1
2107 Ix107 4107

MLM 1, 277 eV
---- MLM 2, >1 keV
---- MLM 3, 277 eV

1 ns gate pulse, 2 kV phosphor bias

for all cameras. DC bias (V) =

MLM1
MLM2
MLM3

Distance scale
corrected for
MAG=1/2:

10 mm s

Time (3)
o Camera mounting orientation on MLM3 flipped the

"y anode (A)-cathode (K) orientation relative to the other

w] two cameras for this shot series. This will be

gl corrected in the future. Recall also that MLM1 and

gl MLM3 will have .

-] images mirrored in Sand|a

a1 horizontal direction .

+ relative to MLM2. National

; Laboratories

Brent Jones, 7/26/2007



Shot 3688

— = Tatal power normalized. LOS A=dashed, LOS B=solid. 3
% 0.5 PA1EGZ2E PE1B04TE —
L“:' = XRD signals (black) normalized to compare pulse 5
ik =2 - - shape—more of a foot and more post-peak signal. =
= 0.2 = PCD signals in absolute /Though note Itsic’s concern: 5 um kimfol filter has low transmigsion 3
8_ = units, good agreement at <300 eV so the XRD signal may be dominated by Al K-shelf (this 3
= between LOS A and B may be true on Z, but probably not on these Saturn shots where Al =
% 0.1 = yield is a small fraction of total yield. —
c = =
@ = B =
| = ) —— i -
w QDB =
1x1077 2x107" 3x1077 4x1077
Time (=)
e I T e v T T T J‘““ ..... L =
— 10— —]
— — -
S
o —
o = -
0 — ]
RS ————————_— S ———————————————————— 3
T 4F Power and yield shown in these plots —
= - and table (unless specified) use _
T2k average between 4 Pl and Lambertian —
N - correction. It is not a big difference. -
O L L L 1 L 1 L il i L 1 L L 1 L L L 1 1 L L 1 L 1 1 L L 1 L 1
1x1077 2x107 3x1077 4x1077
Tie (=]
LOS Signal Power(TW) |YieldLamb(kJ)| Yield4p(kJ) [YieldFoot(kJ)|YieldToPeak(kJ)|YieldFirstPulse(kJ)|Rise(ns)|FWHM(ns)
A PA15022 Clipped
A PA15022B 0.362265 10.5364 10.9892 0.122603 2.11297 4.94223 6.70447( 16.2790
A PA15052 Bad cal
A PA15052B Bad cal .
B PB15047 Clipped Sandia
B PB15047B | 0.360903 10.7912 11.2550 | 0.0624984 1.72512 5.51869 7.20820| 18.4650 National
B PB15051 Huge noise laboratones
B PB15051B | Huge noise IBrent Jones, 7/26/2007




TIXTL analysis is performed with Greg Rochau’s EXRAY program. The following slides

3688 TIXTL analysis

discusses this analysis in detail.

| can also provide lineouts at various steps along the way (e.g. before OD to exposure

conversion, before efficiency correction) to Alla and students for their independent processing.

The main question | have now is regarding what crystal reflectivity | should use. Right now | am
using the average of the ‘prins’ and ‘mosaic’ models built into EXRAY. This could be modified.

The following table includes wavelengths of certain K-shell lines (from Yitzhak Maron) that will be
used as reference lines. In assigning the dispersion axis, | have tried to match Al Ly-a, Al He-qa.,
Mg Ly-a, and Mg He-a.

Ly, He, Heg He,
MA) | AE | MA) | AE | MA) | AE | MA) @ AE
(eV) (eV) (eV) (eV)
Na X, XI 10.025 | 1237 | 11.003 | 1127 | 9.433 | 1314 | 8.983 | 1380
MgXI;XII 8.4210 | 1472 | 9.1688 | 1352 | 7.8505 | 1579 | 7.4731 | 1659
Al XTLXTIII | 7.1727 | 1729 | 7.7573 | 1398 | 6.6348 | 1869 | 6.3139 | 1964
@ Sandia
National
Laboratories

Brent Jones, 7/26/2007



quickscan
of film

3688 TIXTL set up

TIXTL convex crystal spectrometer on LOS C
KAP chosen to see Al and Mg K-shell lines, 2” radius, 20° rotation
0.5 mil Be filter
2497 film
Time integrated spectrum
Axially resolved, ~900 um spatial resolution
— M=p/g=0.5 (magnification)
—  P=TOF ogg aubolo C+6” = 13.7ns*3e8m/s+6"=4.26 m (distance source to slit, approx.)
— d=200, 300 um (slit sizes)
— hv=1.3 keV (worst case, e.g. Mg He-a)
*  Ogeometic=(M+1)*d/M=600, 900 um
*  Oyiffraction= 2-44*h*c/(hv*e)*p/d =50,33 um (formula for pinhole)
° GzSQRT(GgeometricA2+ cSdiffra(:tion/\2)=6021901 um
hv=1.7 keV (e.g. Al lines)
* Ogeomeric=(M+1)*d/M=600, 900 um
*  Oyifiraction— 2-44*h*c/(hv*e)*p/d =38, 25 um (formula for pinhole)
° G:SQRT(GgeometricAz-'_ Gdiffraction/\z):601’ 900 um
One slit image is cropped (off the side of the film). It looks like this is the lighter one, so
probably the smaller slits. 1 will just process the full 300 um slit image, which will have 900
um spatial resolution. To start, I'll average over the spatial structure in the non-clipped
image.
Field of view=10.4 mm

—  Max FOV=10.4 mm limited by can slot height based on CAD drawing from Marcelino.
With the 35 degree viewing angle, the images should look 8.5 mm tall after MAG
correction is done. But also due to the steep angle, it may look longer due to emission
out of the plane of the array

Film image data available in pff or hdr/img format;

| don’t know how to make a tiff. San_dia
National
Laboratories

Brent Jones, 7/26/2007



3688 TIXTL processing — axial — pff prep

 Plot 1: raw film, optical density, y-axis corrected for magnification
 Plot 2: bottom non-clipped image from plot 1, | will process this one

1 SEBRL_2: ne = — 1786 — / Mo. af lines completed: : 10:57:08 07/23/07
B0

40

30

¥ {mm}

20

I|II|IIH|HIII|II||I|II|HII|II|II|II||IH|II|II
5

0 2.0x10° 4.0%10* &.0x10* a.0x10* 1.0x10% 1.2%10°
et du 23 11:28 2007 Data: Jul 23 11:14 2007 % (um)
nd LLLY

Fl#: GODoGUMHHTE AN SHHRGE-boNssHY DOCUM Nt SaiUrmPIanar:misEod7 R IRRat 2,

b

Sandia
National
Laboratories

rent Jones, 7/26/2007



3688 TIXTL processing — axial — pff prep cont.

* Plot 1a,b: lineout of film background at y=18.0 mm, dy=1 mm; and y=1mm,dy=2mm; average of smoothed lines will be subtracted
as film background; saved as file 3688tixtl 2 bgd.ufo

AOmpLINEsw UL L
° P|Ot 2,3 Ilneout averages Over ent|re rad|a| d|mens|0n, Left Mouse = Designate Paoint,  Middle Mouze = Save.  Right Mouse = Reset
saved as file 3688tixtl_2 bottomslitavg.ufo R LineDut Widkh Select Skops

W alue: |10.2500 Swdidth: 14,5000 P

 pff file saved as 3688tixtl_2_prep.pff el — Mo 2
Set Paint 1 Yalue " Median " Vertical
‘=m0 : : Jn_']_ " Integral
FE®
. ineout of Window of 56:‘:?:1-“;‘: ne = 1786 ;-" Na, of lines completed: : 10:57:08 07/23/07: L'EJIL"U. 00,22.0000) 1o I:L'"L-Jillé A1.,0000); ¥ = 18.0000

'WDF dray: |1 Accept / Save Lineout Reset &l Points Done / Exit

la

. aof lines completed: : 10:57

" Il i . . 1 " " L L . i N
4016t Bt Bt et of 1axicf

Linesut of Window of 36BBtixtL2: ne = — 1786 — / No. of lines completed: : 10:57:08 07/23/07: (S000.00,22.0000) 4 (109998.,41.0000): ¥ = 10,2500
: { T T T

P = Ve [ E3mires.. - X adberh.  [Fomi - B2 Mcros... - G windo.. -

; ] Sandia
| 3 i l.,.Lﬂ-‘LJ i e e National
S S S S S S S S S S S S —— Laboratories

L i Brent Jones, 7/26/2007



3688 TIXTL processing - EXRAY

4l EXRAY 1.0.0

25

20

05

- 00

File Options

Calculate

EXRAY Input S ession File

e e 1

none

Ellptical S pectiometer Data Fil

@@ & Density ->

ﬂ Eliptical || Convex

| c:\Documents and

[l ¢ ﬂ?njﬂ

GRAPHICAL USER INTERFACE

CRYSTAL PROPERTIES

‘wedge | TIXTL ¥ | Crystal |KAP x

Flot |EEENNNN - W‘ H‘QIQ| [x‘v]‘[E|

=] 4| &

11

1.0F

oaf

caf

e7F

WW

.5 it

L

Pls au 24 ouss zo07

x10*
F\m Poemon (m\cvons]

Fick Reference

Scale Deta | Save

Reference Wavelength = 7.173 Angstroms B
T T T T T

Other Parameters

Cipstal Fadius in) =[2
Ciystal Fiotation (deg) =[20

EEX
2

Intensity O...

Filn Type | Rt 2497 =
[

¥ ReadFog From File

Fog File: |C:5D ocuments and Settin =
Tension Yalue |1.0000000

WAVELENGTH/BETA GROUP 1

Order #1

I Auta Configuration

B I S B |

SOURCE LOCATION(S)

[~ Default (455.3,1)
¥ Other

Edit

FILM PARAMETERS

& Circle

' Cubic Spline Across Edges

(" Linear Interpolation Acioss Edges

& Angle of Incidence = 90 deg.

~
Calculate

1 Efficiency Conversion Options  [= |(51)(X)

F Fiters 4

#|Be | Thickness microns)[127
#2|none 1 Thickness (microns)|0.0000000
#3 |none | Thickness [microns)|0.0000000

Flct Transmission | Save Total Transmission |

I~ MCP

——

I Crystal Reflectivity and Spectiometer Geometry

[Output in J/em™274/51)
* Average
" R =const.

. Wavelength scale (plot 1):

Used source distance x=(TOF_Aubolo,LOSB*c+6")*1.5=-

638.9,y=1 which should be about right

Pick reference: Al Ly-a res, 7.173 A—Using this line per earlier

discussion with Itsic and Jim re: TREX
Film distance changed from 8.5 to 8.18 cm to align Al He-a,, Mg

Ly-a, Mg He-a

Saved as 3688tixtl_2 bottomslitavg_lambda.ufo

. Optlcal density to exposure conversion (plots 2,3)
Used z1518t135r_bgd.ufo for film fog subtraction

Exposure in photons/um”2

Saved as 3688tixtl_2 bottomslitavg_lambda_ODtoExp.ufo
 Efficiency correction (plot 4); Rochau says do the following

through EXRAY:

Filter correction (plot 5): 0.5 mils Be—this is a significant
correction at the wavelengths of interest (plot 3) but Rochau

says correction will be reliable. Filter transmission saved as file
3688tixtl_2_filtertrans.ufo

Crystal reflectivity: Prins model saved as

3688tixtl_2_ xtlreflectprins.ufo; Mosaic model saved as
3688tixtl_2_ xtlreflectmosaic. ufo.

for now I'am using the average, saved as

3688tixtl_2_xtlreflectavg.ufo; | need to ask Greg and Jim for
advice on what the models mean and what to use, or maybe

Alla knows.

Intensity units in photons/um”2, but no solid angle correction is
implemented—so units are arb. But relative amplitudes should

3688tixtl_2 bottomslitavg_lambda_ODtoExp_EXReffcorr.ufo;
plotted in plot 7. This is the final spectrum for comparison with

PR *-«MMMAM.MJ

Second order
reflection?

3 3 1 = Plot Refiectiviy | Save Selected Reflsctiviy be gOOd.
6 | et Feien —  Saved corrected spectrum as
] T
MM;L | e
L Ll i ddid | ° { s modeling.
12 14 16 ]
que‘e"gm (Angatmms) | ‘ Cancel || S ave Cortection || Calculate | -
280 o !
200 —
= =3 3 L 7 from LOS C
180 — 1 ?. G) > ()] 1 ()] rom
1&05 g e :|q:) - - 2 S
= _ c < = =)
= O o S — << < = >
L O S < ’L
0 = arth, MLL ol _......JL- ey
4 G ] 10 12

14

I don’'t know which is better so

16

18

| don’t know why the spectrum was cut off near 5A in plot 7, but I
from plot 3 the signal to noise is not good in the free-bound
continuum region so | don't think | can use those data anyway

Strong Mg relative to Al—opacity may be important—not
surprising for the fairly large mass of these loads, and the view
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2008 planar and compact cyclindrical Saturn experiments

FPeak
current Implosion
Flanar Total Implosion |(priarto |time =
array Interwire  Wire Wire massflen Total tirne peak x- [t _peak-
Density  width, YW gap, WMWG number,  diameter | gth Mass design rays) t OMA
=hot Material  (gfcm®3) {mm) {mm) M {urn) (mgfem)  (my) goal (WA (hs)
3744 W 19.25 8 0.533333 16 40.60 3.957 7.975 Nominal R B1.9
3745 W 19.25 12| 0821739 24 2340 2.004 4.008 Mominal 535 B26
374R W 19.25 12 0621739 24 2340 2.004 4.008 Mominal 27 A4.0
VA7 W 19.25 8 0533333 16 4050 3.957 7.975 Nominal 4 67 B1.7
3748 Al 5056 27 20| 0512821 40 30.50 0789 1.578 Morninal f.49 9B
3752 WY 19.25 200 0512821 40 11.43 0790 1.580 Morninal 566 B35
Cylin- Total Implosion
drical Interwire  WWire Wire massflen Total time
Density  array dia. gap, MG number, |diameter |gth mass design
=hot Waterial  (gfem®3)  (mm) {rm) i fum) frmafcm)  (ma) goal E
37A3 W 19.25 3 039 24 40560 £.951 11.962 | Short 499433 | 44.9448
3754 W 19.25 3 039 24 3050 3.375 B.751 Shorter 436189 | 4583535
3755 W 19.25 3 039 24 4060 £.951 11.962 | Short 513863 | A5.2374
3756 W 19.25 3 039 24 3050 3.375 B.¥51 Shorter 464103 | 47.26508

See file SaturnPlanarCompactArrayShots20080825.xlIs for summary data and load descriptions of all shots,
including experimental measurements and Esaulov/Chuvatin modeling. Table above is an excerpt.

Data for all planar and compact 3 mm shots from 2008 are in SaturnPlanarCompactBJ20080825.pff

This file summarizes current, total radiated power and yield analysis, and shows the MLM imager time-resolved
pinhole imaging data. | will provide the MITL and load current, total radiated power waveforms (LOS B data
using two separate bolometers) in pff and text files.

Shots 3744-3747 will be added to current scaling data. All 2007-2008 tungsten planar shots (except ones with
issues such as broken wires, dirty MITLs) will be used in multivariate scaling fit.
TIXTL and PCD data are available for both 3688 and 3748 to look at Al K-shell.

Four Saturn-style B-dots for this series: N (0°), S (180°), W, E; <0.5 MA difference between Sandi
N/S and W/E, so these are all averaged here. dndia

National
Laboratories
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Diagnostic view from Diagnostic view from Diagnostic view from
Line of Sight A (LOS A) Line of Sight B (LOS B) Line of Sight C (LOS C)

/R S S 0

I — — —

20 mm wide, 40-wire plan he stagnated
pinch location (view factor correction obtained from these images). Ruler is in the plane
perpendicular to the isometric viewing direction, and not parallel to the pinch. All three
views are 35° from the horizontal. Hardware is same as in 2007.

Diagnostics on LOS A: Diagnostics on LOS B: Diagnostics on LOS C:

PCDs (8 um Be + 1 um CH filter; XRD (5 um kimfol filter; XRDB99 TIXTL (KAP, 2" radius, 20°

PA15022 and PA15047 were on and also a second detector rotation; 1/3 mils Be filter (was

shots 3752-3756 only; these XRDB103 for shots 3752-3756 ) 0.5 mils in 2007 shot 3688);

were same diamonds as in 3688) Bare Ni bolometers (113 was on fielded only on shot 3748 to look
LOS B in 2007, 101 was on LOS at time-integrated, axially

PCDs (also PA15049, PA16052) A in 2007 and is now on LOS B) resolved Al/Mg K-shell spectrum)
No XRDs or bolos in 2008 PCDs (8 um Be + 1 um CH filter;

PB15047 was also on in 2007,

PB15022 was on LOS A, now on

LOS B for most shots in 2008)

MLM imager .
Sandia
The MLM imager combines three 8-frame pinhole cameras gated with 1 ns pulses. MLM1 and MLM3 view hv=277 eV images reflected from Natmnal

multilayer mirror monochromators. MLM2 employs a 50 um Kapton + 2500 A Al filter to view hv>2 keV images (the 8 um Be filter was in use I. b -
on Z—I thought | asked for another one to be made but it was not available at the time of Saturn shots). d Ora'[OI’Ies
Brent Jones, 7/26/2007



Shot=3744; BIAVE,y=5.52026MA, taygyen=2.66600e—0073 P pecs=7B75TW; boea—1y=57.77ns, tm‘kg—t1m=l57.ns

=R.883TwW, P
10 C T T ] _——"E?M T T pa|
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E_— | 7 = | | Surn kimfal KR, bola 101, LDY B
C L T = M : Bum kimfol XRE, bala 113, LOT B
g ol If%:)l:h_““'“F_ar'“‘qu:::"”—: 2 r | sum kimfol XRD, bole 101, LPS B
= g N 2 | Sum kimfal XRD, bala 113, LPE B
c u V = 4 | L lI —
2 C g - b
= 4 — | L | 4
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Time (s
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Time (=g} Time ()
------------ MLM 1, 277 eV Recall that MLM1 and MLM3 will have

images mirrored in horizontal direction relative to

T MLM 2, >2 keV MLM2.

---- MLM 3, 277 eV

3 ns gate pulse, 2 kV phosphor bias
for all cameras. DC bias (V) =

Sandia

MLM1  -350 Distance scale .

MLM2  -400 corrected for Natlonal .

MLM3  -450 MAG=1/2: Laboratories
10 mm s
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" Shot= 3745 BlAVE _.5 37871MA tEm,Emk—Q 684-00e 0075 __EE.“'*‘\=1 1.18TW|, Pmkﬂl—g BA2TW; tpem—t1m=58.45nls, tﬂkg—t1ml=58.n_
C [ | i All nermalized to bare MNi belgs]
sl = F | r Sum kimfal ¥RED, bale 101, LPF B
L “osh : | summ Kimifsl XRD, bolo 113, LGS B
% sl b F | J Sum kimfal XRD, bole 101, LOS B,
:’ = a 1 | Surn kimfal XRD, bola 113, LIE B,
5t g r ! Y .
o4 T4 ! m
L) L f - | -
- E 2f ! 1]
- = C ! ]
o 8 ok :_‘,N a1
0 1x1077 2x1077 Ixio~ 4x1077 5x1077 1.5%1077 2.0=1077 2.5x1077 3.0x1077 ax10~ 4.0x1077
Time [2) Time (=)
Ibom—35 21574, Ibo|og—3"r 7932}3\ ,m/,\_f) 61317\! ,ﬂVE, 4, 45050\// Yapa= 0305k, Vimee=318.9kl; Yam=292. 4k, ¥ mwm=280.3kl
SH——f gLaqu B T BIE1{ 3N OUE
—_ W] — — 3 ﬁ‘]ﬁ’ﬁ\jE ‘%A-' —_ | 101N — 5 RS S S S S SIS IS SIS SIS SIS IS TS SEFEI 1 FEE SRS SRR SR SRS SR SRR S =
—10 T = =
= ?—iﬁ[—-—o BI0TNI gt = 2 I0E =
E gk " B113M |I A T S B S I N % B -3
g al BlB113NE LA 1 5 2 E
y 10 L ........ WETIEN v & E =
" i 5 —14F I 100FE =
1 —18F . _ |I 7 b= _ E =
L T T e o = E =
Elc: —20F 1 n% —1&6F .2 i} ; ;
—25 s —tabl . . —1onk - - - . 3
—4><1D—i><10‘“ o 2><1D ‘hxm "sxm Bw107d —5%107 o 51077 1x1078 1. 5><‘ID' 2.0:1077 2,507 30x107° 3507 4.0’
Time (s) Time (=) Time (s)
Ymax = 71,2435, 23,7824, 4. ’1592? \f
1.0[C gl (S IR T I T T T il 1G0.00C0 T T E|
C 4 i NI St ] 3
oal * R RN R R - 10.0000 _
o k1 Shib 1= 3
— C S R n -
g 0.8 — i Ci - L—: 1.0000 -
- | S | I | I 1 T
% .4 | f.\*ﬁ_ : [ = § 0,100 ' ‘ ', , .
2 [RERKITEE TR 1: lllllll|l Il
B ol | 1 & omoo ] ‘ | ' +
D2:§Kh- ifroi §|"|'|#\s8~\: élp‘gﬁk% 9 - 3
Gy [ R NS rf' I\Pkp., “%‘_1@‘ 3@ % vy ,\ 3 0.0010 —=
0.0 ::::::"': o - E
C L [ I T | NN B T IR I A 3i o 1:0 T "éﬁ T Twars J 000081 L L i
2.8x107 2.8%107 Jaxta™ Jaxta” 3.2x10 T 11077 21077 3107 4><10"U
Time (=g} Time ()
A K A N A )
"""""" MLM 1, 277 eV 8 1 - T . = 1 ! - Recall that MLI\:Ijl_ aﬂd _I\/ILMSI v&/_ill have -
o : ¢ o images mirrored in horizontal direction relative to
MLM 2, >2 keV aand MLM2.
--- MLM 3,277eV 7 2 5 - 2w :
3 ns gate pulse, 2 kV phosphor bias ; - - i 1
for all cameras. DC bias (V) = 6 3 - 3 ‘* ¢ Sandla
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---- MLM 2, >2 keV
----- MLM 3, 277 eV

3 ns gate pulse, 2 kV phosphor bias
for all cameras. DC bias (V) =

MLM1 NA Distance scale

MLM2 NA corrected for

MLM3 NA MAG=1/2:
10 mm s

Recall that MLM1 and MLM3 will have

images mirrored in horizontal direction relative to
MLM2. MLM vacuum leak, so gate valve shut for shot
and no MLM data.
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Shot 5748

TIXTL too) and LOS A sees slightly less axial length

[ 08 - . . . ; Tetal power nomnalized. LOS ;\=daehad. LOS B=salid. | ]
= - PCD signals in absolute units, | Ba1509 I ]
~ 06 pretty good agreement i
c C between LOS A and B i =
g = L XRD signals (black) normalized to compare pulse —
g 04— L shape—more of a foot, post-peak signal similar. ]
— — I Though note ltsic’s concern: 5 um kimfol filter has low transmission —
)] B I at <300 eV so the XRD signal may be dominated by Al K-shell (this N
< 0.2 - A may be true on Z, but probably not on these Saturn shots where Al ]
GI{) L /4"\}/ yield is a small fraction of total yield. _
< D'O ._" L L |u._ L .r'_ r. L .. L L 1 L L 1 L L T = N ,-.,.I L L
2x1077 3x1077 4x1077 5x1077
Time (s)
\_% 15 ;ZZZZZ R
A= —
S
. Z _
= - Power and yield shown in these plots -
qQx — . —
51— and table (unless specified) use —]
“f Z average between 4 Pl and Lambertian ]
A C correction. It is not a big difference. =
O ........................................... | ...................... : O e | ................................................. e A iéA i I I .
2x1077 3x1077 4x1077 5x1077
Time (s)
LOS Signal Power(TW) |YieldLamb(kJ)| Yield4p(kJ) |YieldFoot(kJ)|YieldToPeak(kJ)|YieldFirstPulse(kJ)|Rise(ns)|FWHM(ns)
A PA15022 0.663558 13.3402 13.9135 0.255572 5.07370 9.22165 10.2305| 16.3988
B PB15047A | 0.841557 17.1541 17.8913 0.417861 5.96736 12.1216 10.9073| 16.4887
« Use LOS B values, since there is a concern with the different viewing angle of LOS A Sandia
which could impact opacity (planar arrays may not produce cylindrically symmetric National
pinches; more trailing mass between core and PCD from LOS A? This would affect Laboratories
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TIXTL analysis is performed with Greg Rochau’s EXRAY program. The following slides

3748 TIXTL analysis

discusses this analysis in detail.

| can also provide lineouts at various steps along the way (e.g. before OD to exposure

conversion, before efficiency correction) to Alla and students for their independent processing.

The main question | have now is regarding what crystal reflectivity | should use. Right now | am
using the average of the ‘prins’ and ‘mosaic’ models built into EXRAY. This could be modified.

The following table includes wavelengths of certain K-shell lines (from Yitzhak Maron) that will be
used as reference lines. In assigning the dispersion axis, | have tried to match Al Ly-a, Al He-qa.,
Mg Ly-a, and Mg He-a.

Ly, He, Heg He,
MA) | AE | MA) | AE | MA) | AE | MA) @ AE
(eV) (eV) (eV) (eV)
Na X, XI 10.025 | 1237 | 11.003 | 1127 | 9.433 | 1314 | 8.983 | 1380
MgXI;XII 8.4210 | 1472 | 9.1688 | 1352 | 7.8505 | 1579 | 7.4731 | 1659
Al XTLXTIII | 7.1727 | 1729 | 7.7573 | 1398 | 6.6348 | 1869 | 6.3139 | 1964
@ Sandia
National
Laboratories

Brent Jones, 7/26/2007



quickscan
of film

3748 TIXTL set up

TIXTL convex crystal spectrometer on LOS C
KAP chosen to see Al and Mg K-shell lines, 2” radius, 20° rotation
1/3 mil Be filter (note: this is different than 3688)
2497 film
Time integrated spectrum
Axially resolved, ~900 um spatial resolution
— M=p/g=0.5 (magnification)
—  P=TOF ogg aubolo C+6” = 13.7ns*3e8m/s+6"=4.26 m (distance source to slit, approx.)
— d=200, 300 um (slit sizes)
— hv=1.3 keV (worst case, e.g. Mg He-a)
*  Ogeometic=(M+1)*d/M=600, 900 um
*  Oyiffraction= 2-44*h*c/(hv*e)*p/d =50,33 um (formula for pinhole)
° GzSQRT(GgeometricA2+ cSdiffra(:tion/\2)=6021901 um
— hv=1.7 keV (e.g. Al lines)
*  Ogeometric=(M+1)*d/M=600, 900 um
*  Oyifiraction— 2-44*h*c/(hv*e)*p/d =38, 25 um (formula for pinhole)
° G:SQRT(GgeometricAz-'_ Gdiffraction/\z):601’ 900 um
One slit image is cropped (off the side of the film). It looks like this is the lighter one, so
probably the smaller slits. 1 will just process the full 300 um slit image, which will have 900
um spatial resolution. To start, I'll average over the spatial structure in the non-clipped
image.
Field of view=10.4 mm
—  Max FOV=10.4 mm limited by can slot height based on CAD drawing from Marcelino.
With the 35 degree viewing angle, the images should look 8.5 mm tall after MAG

correction is done. But also due to the steep angle, it may look longer due to emission
out of the plane of the array

Film image data available in pff or hdr/img format;

| don’t know how to make a tiff. San_dia
National
Laboratories
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3748 TIXTL processing — axial — pff prep

 Plot 1: raw film, optical density, y-axis corrected for magnification
 Plot 2: bottom non-clipped image from plot 1, | will process this one

3748 tlxtl ne = - 1072 - / No. of lines completed: : 13:52:41 OB/‘I‘]/OB
0T | = T G55 4 L T T EEEEy
E- q 2 \ | | | | \____/| '\__ _ - 7
[ - 2.0
apl— ’ ]
i — 153
P B 3 - "
- = ‘ n
C ] 05
10— -
C n 0.0
oC R s e e e i e e e R e e R e e e i NN
0 1x10* 2x10* Ixiot Hx10% Ex10*
et Aug 26 13:48 200B; Data: hug 28 1324 2008 ¥ (um)
103 4and 48t

;" Sandia
National
_ Laboratories
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3748 TIXTL processing — axial — pff prep cont.

* Plot 1a,b: lineout of film background at y=10.5 mm, dy=2 mm; and y=21.1mm,dy=0.5mm; average of smoothed lines will be
subtracted as film background; saved as file 3748tixtl_bgd.ufo

* Plot 2,3: lineout averages over entire radial dimension;
saved as file 3748tixtl_bottomslitavg.ufo

» pff file saved as 3748tixtl_prep.pff

Left Mouse = Designate Point,  Middle Mouse = Save,  Right Mouse = Reset

Lineaut of Window of 3748 titl: ne = — 1072 = / Ne. of lines completed: : 13:52:61 08,/11,/08: (0,000000,14,1000) to (44996.0,21.1000): ¥ = 340000
T T .

a

P S e I R e e S G Ve s S G GO e M R U W e s R i i e S R T G s O L i P

Fone s 34 14 500 Do 29 R 3508

First Paint Line0ut Width Select Slope
sl 0000000 Wi [B00000 | ki
Y-Value:’W (v Average * Harizantal 2
w " Median " Vertical
" Integral
WOF Array: ,1— Accept / Save Lineout Reset All Paints Done / Exit

T a

110"

& D .rmar-.-u.:

National
Laboratories
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3748 TIXTL processing - EXRAY

4 EXRAY 1.0.0
File Options Calculate

EXRAY Input Session File

@@ & Density ->

Spechometer Geomely

Ellptical Spectiometer Data File

ﬂ Eliptical || Conves 1

wwedge [TIXTL =] Crpstal [KEP -

|C:\Documents and b My D

GRAPHICAL USER INTERFACE

Plot | Data - W‘ﬂ‘QIQ|[x‘y)‘m|

ompactCyl 7] g CRYSTAL PROPERTIES
Ciystal Radius in) =|2
Ciystal Fiotation (deg) =[20
IR

Other Parameters

EEX
2

Intensity O...

Filn Type | Rt 2497 =
[

¥ ReadFog From File

Fog File: |C:5D ocuments and Settin =
Tension Yalue |1.0000000

WAVELENGTH/BETA GROUP 1

Ge-

ST

0B

Order #1

™ Auto Conliguration

P < < |

' Cubic Spline Across Edges

(" Linear Interpolation Acioss Edges

& Angle of Incidence = 90 deg.

P

SOURCE LOCATION(s]

I Default [455.3,1)
v Dther

81 Efficiency Conversion Options (= |[B1)(X]

Cancel Calculate

¥ Fikers

4

FILM PARAMETERS

+ Circle

#[Be 7| Thickness [rictn

3)|8.4670000
#2|none 7| Thickness [microns) |0.0000000

4 1 ‘U H ‘_q‘ ‘ ! 4% o #3|none | Thickness [microns) | 0.0000000
I Pesition [misrons, o
i fug 28 1430 2008 Flot Transmission | Save Total Transmissian |
Pick Refere Sam -
T T T T T
15| R 5 r =
[ Crystal Reflectivity and Spectiometer Geometry
1.0F
e Plot Rellectivly | Save Selected Reliectiviy
oar 3 ] 6 ™ Sald Argle Conection
: o
i e
: | [F
0.0 1
5 5 7 B 10 1'
- Wayalength (Angetroms) ‘ el || S H ot |
120 = iy
100 :—7 3
B0 :— 1 d |d % |6
— 1
S =0 o 2 o
B0 — - () I — I I
e & <<| < = =2
- Q2 0 3 = =
wEw O 3 < Lm
SR o NN W | ! .
4 5] &8 10

. Wavelength scale (plot 1):

Used source distance x=(TOF_Aubolo,LOSB*c+6")*1.5=-
638.9,y=1 which should be about right

Pick reference: Al Ly-a res, 7.173 A—Using this line per earlier
discussion with Itsic and Jim re: TREX

Film distance changed from 8.5 to 8.18 cm to align Al He-a,, Mg
Ly-a, Mg He-a

Saved as 3748tixtl_bottomslitavg_lambda.ufo

. Optlcal density to exposure conversion (plots 2,3)

Used 3748 _tixtl_bgd.ufo for film fog subtraction; concern about
<0 values at long lambda, but this is much better than doing no
background subtraction

Exposure in photons/um”2
Saved as 3748tixtl_bottomslitavg_lambda_ODtoExp.ufo

 Efficiency correction (plot 4); Rochau says do the following
through EXRAY:

Filter correction (plot 5): 1/3 mils Be—this is a significant
correction at the wavelengths of interest (plot 3) but Rochau
says correction will be reliable. Filter transmission saved as file
3748tixtl_filtertrans.ufo

Crystal reflectivity: Prins model saved as
3748tixtl_xtlreflectprins.ufo; Mosaic model saved as
3748tixtl_xtlreflectmosaic.ufo. | don’t know which is better so
for now | am using the average, saved as
3748tixtl_xtlreflectavg.ufo; | need to ask Greg and Jim for
advice on what the models mean and what to use, or maybe
Alla knows.

Intensity units in photons/um”2, but no solid angle correction is
implemented—so units are arb. But relative amplitudes should
be good.

Saved corrected spectrum as
3748tixtl_bottomslitavg_lambda_ODtoExp EXReffcorr.ufo;
plotted in plot 7. This is the final spectrum for comparison with
modeling.

I don’t know why the spectrum was cut off near 5A in plot 7, but
from plot 3 the signal to noise is not good in the free-bound
continuum region so | don't think | can use those data anyway
Strong Mg relative to Al—opacity may be important—not
surprising for the fairly large mass of these loads, and the view
from LOS C

Al Ly-a/He-a ratio is larger than 3688 => hotter? This ratio is
probably reliable. | don't like how background subtraction has
made lambda>8A have negative offset so | don’t know about
trusting Mg lines relative to Al.

]



Compact 3 mm dia. cylindrical wire arrays
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ARRAY DIAMETER

« On 3 mm shots, bolo has a long tail which may indicate there are a lot of soft photon coming out late in time
that are not seen by the XRDs (5 um or 2 um kimfol). We had discussed putting a bare, apertured Si diode on
these shots, but ran out of time.

¢ MLM shows column almost equal in size to the initial 3 mm diameter. Striations likely due to m=0 as seen in
Zebra 3 mm laser shadowgraphy. >2 keV photons are also striated—have to analyze to see if we can tell how
the images are aligned. Opacity is apparent in all images—Iooks like we are seeing one side of the pinch only;
arcs instead of ovals.

« ~6 TW max power obtained at 4.6 MA. Not as amazing as hoped. Would be interesting to compare scaling

with Zebra data. Maybe 3 mm is too small—would be interesting to try 4-6 mm diameter.
Sandia
National
Laboratories
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