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NIF Places Fuel Capsules Inside Hohlraums...
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... but Capsule Supports Cause Perturbations

= Fuel capsule must be supported within center of hohlraum

= Tents can cause perturbations that affect the implosion

.

- Tent lift-off positions

d - .
FF N
.
: . :
- —
& N

o

e
< @
“

b Lawrence Livermore National Laboratory
LLNL-PRES-748677



Levitation Offers an Alternative

Holding capsule in place without supports would
allow fully symmetric implosion
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Fig. 4-163. Cylindrically-symmetric hyperbolic electrodes
used to provide three-dimensionally stable levitation of charged
particles.

LEVITATION,

Earnshaw’s Theorem: a collection of point charges cannot be
maintained in a stable stationary equilibrium configuration
solely by the electrostatic interaction of the charges
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Superconducting Levitation

= Expelling the magnetic field enables levitation
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Bringing Levitation to NIF

= NIF is already surprisingly compatible with superconducting
levitation:

v'Targets at ~20K within chamber
v'Shape of capsule is favourable for levitation

»Coat with thin layer of low Z material
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Magnesium Diboride

=Simple binary compound

= Range of fabrication routes
"low Z

=High T_ (39 K),

=High J_(~1e9 A/cm2 at 1 T),
=High H_, (>50T)

ing to an intrinsic decoherence rate v, = 2 X 10%s ™", Such deco-
herence rates, more than 1,000 times slower than typical Rabi
frequencies measured here, would enable more complex manipula-
tions of the model qubits. Future experiments will attempt to

measure the intrinsic decoherence time of 2p (m = — 1) hydro-
genic donor states, which are well below the continuum and hence
robust to ionization by photons and phonons. O
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Superconductivity at 39K
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In the light of the tremendous progress that has been made in
raising the transition temperature of the copper oxide super-
conductors (for a review, see ref. 1), it is natural to wonder how
high the transition temperature, T,, can be pushed in other classes
of materials. At present, the highest reported values of T. for non-
copper-oxide bulk superconductivity are 33K in electron-doped
Cs,Rb,C (ref. 2), and 30 K in Ba, JK,BiO, (ref. 3). (Hole-doped
Caowas recently found® to be superconducting with a T, as high as
52 K, although the nature of the experiment meant that the
supercurrents were confined to the surface of the Cy crystal,
rather than probing the bulk.) Here we report the discovery of
bulk sup ductivity in ium diboride, MgB;. Magneti-
zation and resistivity measurements establish a transition tem-
perature of 39K, which we believe to be the highest yet
determined for a non-copper-oxide bulk superconductor.

The samples were prepared from powdered magnesium (Mg;
99.9%) and powdered amorphous boron (B; 99%) in a dry box.
The powders were mixed in an appropriate ratio (Mg:B = 1:2),
ground and pressed into pellets. The pellets were heated at 973K
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Fabrication of MgB2 Thin Films

Glassy Carbon Substrates

\ 4

Boron Sputter Deposition

\ 4

Two-step synthesis

Mg Vapor Anneal at 850°C

\ 4

Film Characterization

-_— 4@ - = A =

Vary film thickness

Vary dwell time
Vary temperature ramp

SQUID-magnetometry
Rutherford Backscattering
Raman Spectroscopy
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Film Thickness and Temperature Profile Matter
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= Faster temperature ramps and shorter dwell times give higher T_
and sharper transition
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Film Thickness and Temperature Profile Matter
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= Faster temperature ramps and shorter dwell times give higher T_
and sharper transition
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Rutherford Backscattering Probes Composition

Tt 7 r T = Films are chemically
homogeneous

= Oxygen distributed
throughout the film

Counts

= Films tend to be
slightly Mg-rich

As-de ositeoi

éUncoated substrate
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Oxygen Depresses Tc
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= Thinner films have significantly higher oxygen concentrations
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Oxygen Depresses Tc
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= Thinner films have significantly higher oxygen concentrations

= But this is not the whole story
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Raman Spectroscopy Reveals Disorder

Normalized peak shift
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= Defects and inclusions

suppress T.

= Originates in non-epitaxial
growth, mitigated by faster
thermal processing
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Surface Roughness Must be Controlled

¢ = Thicker films are
blister and peel

= Needle-like
surface texture

| 160 nm, low magnification £
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Surface Roughness Must be Controlled

¢ = Thicker films are
blister and peel

= Needle-like
surface texture

= Thin films are
smooth, < 1nm
rms.
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Next Steps

= Deposition on spheres will require bounce pan and rotating tube
furnace

= Early attempts to measure levitation were a mixed success, but
have plans for custom modification to PPMS in coming year

= Studying ion irradiation to enhance critical current
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Goal: Demonstrate a path to ideal ICF capsule
support based on quantum levitation

Approach: Thin films of superconducting MgB,

B Lawrence Livermore
National Laboratory

0:0 GENERAL ATOMICS

“Vapor annealing synthesis of non-epitaxial MgB2 films on glassy carbon”, A A Baker et
al (2018) Supercond. Sci. Technol. 31 055006

L Lawrence Livermore National Laboratory 19
LLNL-PRES-748677




Critical Current Limits Levitation

= Measured in plane of film
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= Good zero field values, but .
drops rather precipitously. < f
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= Simulations predict Magnetic field (kOe)

~103A/cm? required
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