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= Z compresses electrical energy in both
space and time . ..

330 TWs &

Charge for 3 2.5 MJ of
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generator gas switch switches pulse- water insulated
sharpening convolute transmission
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. and literally shakes the earth almost every day!
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A complex series of conductors

combine currents for the load

Z vacuum insulator Post hole convolute
stack and MITLs system and load

inner-MITL B-dot z-pinch inner MITL upper
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) , ) current monitor \ () load cathode anode
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Daily Z Activities: Unload and

Refurbishment

Vent chamber to atmosphere
Drain ~0.5 million gallons of water
Drain ~1.0 million gallons of oil
Inspect, repair, and perform
preventative maintenance

MITL transport

el W

bl N

Post shot damage

-
™

Remove shot hardware and
vacuum chamber diagnostics

Remove Magnetically Insulated
Transmission Lines (MITLS)

Refurb MITLs and vacuum stack
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Daily Z Activities: Load and Downline

Preparation

Target and diagnostic loading
: T (L e g =

* Fill ~0.5 million gallons of water

* Fill ~1.0 million gallons of ol

 \Water dive to remove bubbles
from critical surfaces

* Install MITLs

Wire array transport

* Install Load Hardware
» Install Diagnostics
» Install FOA, Align Diagnostics

 Pump down vacuum chamber

* Checklists and fire Z! Sondia
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Pulse Shape Flexibility and

o T T T T

Load Current (MA)

3000 3050 3100
Time {(ns)

Z-pinch Dynamic Hohlraum

12 mm
4 “—>
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40 mm

A

V

Standard ZPDH Characteristics

360 W wires — 11.4 um diameter
m = 8.5 mg W total

Viarx = 85 kV (20.3 MJ)

|, =25.8+0.4 MA [20 shots]

The z-pinch produces record currents of 25.8 MA with 1.5% reproducibility
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The Z-Beamlet Laser (ZBL) was
the LLNL NIF Prototype (1992-
1998) and is now used on Z

* 1st shots into Chamber: 3/0
* 1st Z radiographs: 6/01

The two facilities are co-timed to
within 500 ps

ZBL Parameters:
 Upto 6k @ 1053nm
« Uptodkd @ 527nm
* Up to 4 shots per day

« Typically 0.3 — 4 ns pulse
length in a 31x31 cm? beam

1 - 9 keV radiography
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Assembly outside blast shield.
Cooled with liquid helium or nitrogen
Achievable temperature range 200K to 18K

Cooling time 20 - 45 min depending on
configuration

Liquid helium cooled

Integrated into the
assembly of the target

Achievable temperature
range 100K to 25K with
current configuration

Allows cooling of MagLIF
target with coil assembly

Achievable temperature range 4.2K to
217K

Cooling time 60 — 90 min

Cryostat must have vacuum applied at 4.2K
to achieve lower temperatures fh b »
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Z Core Capabilities: Applied B-Field

» Applied B on Z (ABZ) system enables
HED magnetized target experiments on Z

» Since February 2013, over 75 HED
experiments have used magnetization

« External capacitor bank can store up to
900 kdJ for coil load in target chamber

» Different coil geometries have been
designed and implemented to trade radial
diagnostic access with field strength

With magnetic field Without magnetic field

Sandia
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Gas Puffs provide unique loads for
tailoring x-ray outputs through judicious
choice of gases

Nozzle design and characterization is
critical with development being done at
the Sandia Systems Integration Test
Facility

Record K-shell x-ray outputs are
robustly generated on Z

» The use of deuterium gas creates
a neutron source producing ~4e13
DD neutrons

« A gas puff neutron source enables
studying stagnation physics for
comparison with MagLIF

* Robust yields also support

diagnostic development = Sanda
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Axial Access

In-Chamber access
allows diagnostics to be &
s close to the load (~10cm) © =

18 Radial Line-of-Sight Access Ports at 0°

ationa
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Diagnostics: Overview

Time Resolved X-ray Power and Energy « VISAR
* Time Resolved Pinhole Cameras » Photonic Doppler Velocimetry (PDV)
« Time Integrated Pinhole Cameras » Streaked Visible Spectrometry (SVS)

* Time Resolved Multi-Layer Mirror Cameras
« Time Integrated Spectrometers

Time Resolved Spectrometers

Neutron Activation * Monochromatic Crystal Backlighting
* Neutron Time of Flight « Typically 6.151 or 1.865 keV
* Neutron Imaging + X-Ray Thomson Scattering
« CR-39in progress  Diffraction under study

* MRS under study

Sandia
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+ TiGHER was designed to address gaps in our ability
diagnose certain experiments with high fidelity and
time resolution

» Design requirements are based on physics needs:
» Spectral range and resolution:

« |CF: Diagnose temperature and density in
fusion plasmas using Kr and/or Br K-shell
radiation (12 - 15 keV)

* RES: Diagnose conditions in K-shell and non-
thermal sources at >10 keV photon energy

* Requires spectral resolution A/AA>500
« Spatial resolution and FOV:

« FOV 8-10 mm at most (mag. 0.5
configuration)

* Resolution of 100 ym or better (mag 0.8
configuration)

INTERNAL

CRYSTAL AND
IMAGING SLITS

ASSY

DEBRIS
SHIELDING

COMPONENTS

Axial Position [mm]
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MCP
ENCLOSURE

VACUUM ISOLATION

FILTER/CROSSOVER FILTER

VACUUM SYSTEM MANIFOLD
CONNECTED TO LOS 50° VACUUM
FEEDTHROUGH PORT

Non-Thermal Wire Array: Mo
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« Collaboration with LLE based on Omega fielding
17-20 keV, 549 42-67 keV experience (Glebov), and NSTec to implement Z
>40keV
keV detectors

« Gating out brems pulse will allow higher signal-to-
noise measurement of secondary DT spectrum

* Improved BR measurement for MagLIF

* Gate unit function has been demonstrated in Z
electromagnetic environment

1000

2000 2500

Subtracting Subtracting | G B A
images that different filtered ? _ -
are filtered images to get
the same 17-20 keV

window

* In-chamber pinhole camera designed for imaging
warm x-rays (15 -100 keV)

nTOF Shield

r nTOF mounting —l

bracket P\

« Sfiltered pinhole images per experiment

» Developed under hostile environments LDRD to
identify where in the source warm x-rays are
produced

* Currently used broadly in ICF and RES programs

Sandia

Laboratories




Outline

22 MJ stored energy
« 3 MJ delivered to the load
+ 26 MA peak current
* 1-100 Megabar
* 100 - 1000 ns pulse length
~1 shot per day / ~150 shots per year

Wire Arrays — Radiation Sciences

* Liners - Inertial Confinement Fusion,
Material Sciences

+ Gas Puff — Radiation Sciences

* Flyer Plates — Material Sciences

 Short Circuits — Material Sciences

Backlighter

Cryogenics

External Magnetic Fields

Gas Fills

Explosive Containment for High Z

Materials

X-Ray

Neutron

Optical

ZBL Backlighter

Sandia
P Nationai 19
Laboratories




s

= &4’%\ >
‘!{’.l\“'?/

!..'. ST
LS Al

e

. ndia :
ational
Laboratories 20




Custom
Physics
Hardware

+ 330 TWs & 2.5 MJ — Lots of Debris and
Shrapnel

Ahv) Netora
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= Soot ranges from small particulate dust, to fibrous, soft particulate ~1-
3mm in length (often in the shape of tendrils or dendrites).

= The origin of soot is thought to be a combination of condensed
gaseous material, and low-mass ablated material.

= The constituents of soot have not been characterized; however it is
suspected to have a significant metallic fraction (i.e., not completely
hydrocarbon based), since thin film deposits have measurable
attenuating effects on x-ray measurements.

= Soot damages vacuum equipment, clogs apertures, coats crystals and
mirrors, and fouls detectors.
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= Spray is molten particulate, probably <1mm in dia.

= Some spray probably originates from ablation by hot, high velocity
gas/plasma

= Some spray may originate from components liquefied by the load
physics (x-ray, infra-red, etc.) and propelled by electromagnetic forces

= Spray damages apertures crystals mirrors, filters, detectors and
hardware. o

h e
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Particulate

= Particulate is small grained, solid, material generated by the load.

» Particulate may be condensed spay, or may be resultant of thin coatings
ablating (without melting).

= Unlike spray, particulate is solid, and doesn’t coat the impacting
surface.

» Particulate damages apertures, crystals, mirrors, filters, detectors, and
hardware.
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_Bullets

= Bullets are large (>1mm), solid particles ejected from the load area.
= Bullets can penetrate through 0.25” or more of stainless
= Some bullets appear to be fragments of the fasteners used in the load

ona
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2. Aperturing

= Aperturing simply reduces the solid angle of the diagnostic that is
exposed to the load.

= Most blast shields have apertures to reduce debris
= Additional aperture brackets may be used.

E—

e
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= Most diagnostics have a debris baffle system to reduce, or eliminate a
debris path from the load to the detector.

= Most diagnostics incorporate some form of polymer (usually Kapton)
debris shielding.

ﬁanﬂia |
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* In-chamber diagnostics are exposed to lots of debris

= Most incorporate sacrificial shielding (usually Kapton), that must be
replaced after every shot.

= 1.5mm of Kapton is usually adequate to protect in-chamber diagnostics
from spray and particulate debris.

)
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» It’s impractical (impossible?) to design a soft x-ray diagnostic that is
invulnerable to debris.

= We inspect and refurbish our diagnostics to address to continual
damage and fouling caused by debris.

= We often lose expensive components, such as crystals, mirrors and
detectors. (Our annual budget for crystals is $1M.)

= We employ redundant strategies to maximize the likelihood of data

return, even if the diagnostic sustains local damage.
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Debris Time History Hypothosis

Particulate

Physics

Time

Opportunities may exist to target specific types of debris with
tailored mitigation strategies.
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“Ballistic Limit Equation”

for fused silica

P = 0.53p,05d,19/18y, 2/3

Conchodial
cracking

| 3 § .! ; j N
e _ 3
- (Internal Fracb.me)j'{/ g
) alled Zoné
; \_'51__;,

]

Crater diameter

High damage area

Crater Central |
pit

depth

Figure 9: Damage characteristics and measurements in glass targets. Top: front view
(photograph and schematic); bottom: damage measurement schematic (side view).

B.G. Cour-Palais. “Hypervelocity Impact Investigations and Meteoroid Shielding Experience Related to Apollo and
Skylab.” Orbital Debris Workshop, NASA CP-2360 (pp.247-275), Houston, August 27-29, 1982.

cited in:

S. Ryan, E.L. Christiansen “Micrometeoroid and Orbital Debris (MMOD) Shield Ballistic LimitAnalysis Program”

NASA/TM-2009-214789

(J.Reneker, SNL)
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Particle Velocity (m/s)

Particle Diameter (m)

(J.Reneker, SNL)

Increasing debris shield
thickness to 30mm may
improve model confidence

=—10mm Copper
==10mm Aluminum
30mm Copper

P = Zts — 0-53PP0'5dp19/18VN2/3
) S
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Sandia D&S Analysis Basis

NIC

National Ignition Campaign

Ubservations and Modeling of Debris and Shrapnel iImpacts on
Optics and Diagnostics at the National ignition Facility

Seventh International Conference on Inertial Fusion Sciences and Application Optics: Simulations predict cratering but no
Bordeaux, France - " ’
September 15, 2011 penetrations of the 3-mm thick DDS’s
TTIIIL 10° ——— i
D. Eder’, D. Bailey', F. Chambers’, I. Darnell’, P. Di Nicola’, S. Dixit’, Add  Solid Al
A. Fisher!, G.Gururangan’, D. Kalantar', A. Koniges?, W. Liu?, M. Marinak’, 00 Molten Al

N. Masters', V. Mlaker’, R. Prasad’, S. Sepke’, and P. Whitman'
‘Lawrence Livermore National Laboratory, Lawrence Berkeley National Laboratory

@09 Faled Al

=

10° 1

Lawrence Livermore Nationsl Laborstory

Each marker represents a
prediction of 32 sites between
13°-60° and 120°-167° degree or
~4 sites in 192 DDS's

oot et o el o B pagemn b g Vo § o [ vy by e Liowe o Bk e e e (a8 44 Vb

L, s e
10°

Shrapnel Velocity {m/s)

[ttt 130;‘111}! Al

10° 10 107 107 10! 10° 10! 10? 10 10t
Shrapnel Mass {(mg}

(J.Reneker, SNL) —
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Multiphysics Approach

= Neither Sandia/DOE multiphysics codes, nor commercial multiphysics
codes have routinely been applied to Z debris and shrapnel modeling.

= Our DMP codes may be a good starting point.
= Comsol may be a good tool.

= If the environment is nicely segregated, different codes may be used to
model different types of debris.
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Outline

Soot * Debris Time History Hypothesis
* Spray « FOA Window Analysis
* Particulate * Multiphysics???
* Bullets

Aperturing DTOF overview
« Shielding  DTOF basis
» Sacrificing « DTOF measurements
+ Accepting « DTOF limitations/next steps
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» Measures debris impacts
at two radial distances

« Should yield quantitative
temporal data

» Debris magnitude will be
qualitative

)
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DTOF Basis

Suspected debris impacts observed on in-chamber accelerometers.

10 1
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Spurious, late-time, ‘spikes’ on
accelerometer signals appear to be
real accelerations...the most likely
cause is debris impacts.
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Drum Head

Debris impacts the drum head.
Drum head isolated on O-ring
springs.

Accelerometers sense the
impacts as accelerations.
Opposing the accelerometers
allows for easy EMI/EMP/X-ray
noise removal.

Two DTOFs, radially spaced,
should provide good velocity
measurements of uniform field
debris such as spray and
particulate.

May be sensitive enough to
measure the ‘push’ from the hot
gas wave.

Will certainly detect bullets, but
won'’t provide velocity
measurements.

Easily adaptable for side-on and
axial measurements.

Sandia
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DTOF Limitations/Next Steps

Limitations
o Relatively small sample area (7in?)
o Limited sensitivity to low-mass
debris such as gas or soot
o Won't measure velocities of
sparse stochastic debris, such as
bullets.
o Won't differentiate molten from solid
debris
Next Steps
o Develop an axial version.
o Optimize for low-mass debris
measurements.
o Collect a statistically meaningful
library of measurements
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