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4. Reproducible x-ray sources drive high quality experiments.

FYO07 Highlights

* Demonstrated Z-pinch dynamic hohlraum (ZPDH) reproducibility:
< 15% in amplitude and ~5% in pulse-shape

« Demonstrated unique ZPDH capability:
Opacity measurements at >150 eV (2.5x higher than previous)

e Collaborated with LANL to determine source accuracy and
reproducibility requirements.

* Developing a 5-yr plan for high-quality SAT experiments on Z.
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. The Z-pinch Dynamic Hohlraum (ZPDH)
- Conceptual operation
- Reproducibility metrics

Il. ZPDH Platform Development
- Fe opacity experiment

lll. Future Development
- Accuracy and reproducibility criteria
- Total power characterization approach
- 9-yrplan

SNL C4 activities:
« accurately characterized and reproducible source
* proven capability in unique and relevant regimes




ii The ZPDH is the world's most energetic x-ray source
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The dynamic hohlraum is formed by an imploding
tungsten Z pinch, and heated by a strong radiating shock.

2-D RMHD Simulation
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% The ZPDH is a versatile x-ray source

Hohlraums Planar Samples Complex Packages

5 Spectra

% Radiography

Internal T, > 200 eV
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The DH power emission is reproducible to <15%.

Standard Deviation %

XRD Amplitude
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} The DH power pulse-shape is reproducible to ~ 5%.

50 ' -. -
2 40 (5%) (27%)
S
ks
® 30 derd ~ 8])DH 0
5 y T p "o
.‘.E 20 xrd DH
& 10
Rt 00
3 5 Pulse-shape reproducibility implies
3 gt ] | thatonly the ENERGY needs to be
= 20 months measured on each shot.
£
Q
(L
>

Time (ns)



The axial emission reproducibility stems
from the shock reproducibility.
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Tungsten
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% The energy and reproducibility of the ZPDH
Is exploited to measure high temperature opacity.
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o

ample electron temperatures are reproducible to < 4%.

Te (eV)

200

130

50

""""" R L L LR LR LRl RN LERRLARLE) LEARLARLE) LEARLARLS
- Foil temperatures from 10 shots over 3 yrs |
= - == 1566eV
I Mg Absorption Spe_ctrum
- dP  dT |
- — x4 — Mg Hed Mg Lya
- P T Vo
i g Hey S
— Over all shots: L gzi
| 67=3.8%, op~15% | Mg Hep
I A e
......... [IENERRNER SRR AR RA SR NRRNERNA RRRRNRRNNA SRRRNARNNE ARRNRRNAR] SRNRRNNEN] ARNNRENENA SRNRRNRRNE RRRNRNAN!

z1B52 z1651 z1650 z1648 z1648 z1647 z14B7 z1361 z1360 z1122

shat

2.5x higher T, than any previous opacity measurement




The measured Fe transmission compares well
with models from LANL, LLNL, and PRISM.
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*Average using 10 shots
*Standard deviation < 3%
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C4 SAT source requirements on
performance, precision, and reproducibility*

Source requirements as applied to SAT experiments

1st year 3rd year
(FY09) (FY11)
Peak Drive Power (TW) ~ 11 >13.5
Drive Energy (kJ) ~ 110 (60) | =135 (75)
total (up to 5 ns after peak)
Accuracy in Measured ~+25% | <£25%
Power
Shot-to-shot Power <£20% | <£15%
Reproducibility
Shot-to-shot Pulse Shape | <+ 10% <£5%
Reproducibility

* These requirements will evolve with the SAT experiment designs.

*Satisfied joint LANL / SNL milestone due 6/07 @




} Axial power will be interpreted from end-on

secondary hohlraum temperature measurements.

Previous Method Future Method
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* Only measure one angle * Hohlraum integrates over all angles

« Assume a Lambertian distribution * No assumption on angular distribution

- Diagnostics difficult to keep calibrated - Common diagnostics w/ other campaigns
- requires hole closure measurement

/Q - requires albedo calculation
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% The hohlraum method gives the same pulse-

shape as the XRD measurement but with lower amplitude.

=oyT |(1-a,) ]
DH driven NIF-scale Py =ouxl |l-a,)4,+4,
(6 mm x 7 mm) halfraum measurement*
160 15'|"'0|"'|"'|"'|
Z441 L op~+25% @ peak p
140 I -1+ d
TB"I[Z)‘Q‘I"&'UFB I \/ \\“ - 60 XRD
1 20 i Corrected - f.f'j "““1\ ““‘\ -
100 % Area O | £ / T J
S100]- - XAnaOpen 3 \ _
.g 80+ - Uncorrected 1 T
g | & T
£ soq..o e
@ [°]
T 3
< |, =
Wre
]
20+ : Stagnation
' | ’
0 -t T Y 0 | | | I |
210 215 220 225 230 235 240 ) 0 > A 5

*T.W. Sanford et al., Phys. Plasmas 7, 4669 (2000). @
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The 5-year plan for C4 experiments on ZR

FYO08 FYO09 FY10 FY11 FY12
ZR Shots 25 30 30 30 30

OH characterization

OH FPerfarmance

and Reproducibility DH source development

‘ear 1 requirements e CIIZEET C4 Source Performance
and Reproducibility
Campaigns Alternative ¥-ray Year 3 reguirements

Source Assesment and Development

24 Platform Development

Secondary Assesment Experiments
With Available Sources and Flatforms

Agree on initial C4 design

A

Characterize C4 source A

Achieve yr 1 requirements A
Achieve yr 3 requirements




