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The NIF facility has a 3 phase plan to get to
a magne6zed cryo hohlraum test

Magnetized cryo hohlraum

Perkins PoP 2017

Magnetized warm hohlraumMagnetized warm gas-pipe

Using ITIC

Using TanDM with 
power supply in DIM

Using TanDM with 
power supply in DIM

First experiment: 
Dec 2018

First experiment: 
~April 2019
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Top level goal for a NIF magne1zed
warm hohlraum implosion

Obtain experimental evidence for a B-field induced 
effect in the hohlraum and/or capsule physics in a warm 
gas-filled indirect drive capsule implosion
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Magne&zed warm hohlraum
experimental considera&ons

Engineering considerations:
Coil – turns, location, inductance, eddy currents
B-field soak-in, slots
Hohlraum distortionB

Pulsed-power 
coils

Physics considerations:
Hohlraum physics: Te, LPI, wall blow-in
Capsule physics: Yn, Ti, shape, mix, B-field amp
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The outside coil requires B-field diffusion 4me 
which also applies pressure on the hohlraum

Pulsed-power 
coils

Soak-in 4me (1D in r)
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For Au, a = 5 mm, 
da = 8 µm:
t = 0.44 µs

B-field pressure (1D in r)
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For hohlraum, 
peak DB ~ 5 T:
P ~ 100 atm

Wall may move ~ 65 
µm in 1 µs – this 
matters so need to 
measure it; wall will 
heat up too…
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How far does 
the wall move?
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One alterna)ve to field soak-in is axial slots

Cut-away hohlraum view Wire wrapping scheme

Wire path avoids the starburst 
for future layering

Axial slots 
for B-field

Wire coil 
for B-field

Starburst

Wire wrapped on the inside 
of the diagnostic band
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The %me-varying current creates
a voltage across the slots
Slotted 
hohlraum

∇×# = −&'&(

Ramping the current in the coil creates a 
voltage across the slots.  Assume 4 slots 
of 100 µm width:

)*+,- = − 1
/*+,-0

& ' 1 2
&( = 350

/*+,-0
) = 90 )

Slot voltage is ~ 0.9 MV/m (4 slots)•
Any gas• -fill (on left plot) provides needed 
standoff for gasses 
Needs • testing for C5H12 (and 3 slots?)
Perkins proposed a U • hohlraum with 20x 
higher resistance than Au as alternative

Paschen curves for 
several gasses

90 V
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We will op)mize the coil
path for the warm hohlraum

Wire path on 
the hohlraum

• Warm hohlraum does not use starbursts 
so coils can be closer together

• The central gap must accommodate the 
100 µm window for core symmetry

• How does the non-uniform field affect 
hohlraum plasma conditions and 
dynamics?

• What role does the Al diagnostic band 
have on the resulting field?

• We will study these questions with 
simulations and measurements

B-field for 30 kA

Hohlraum length
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B-field can affect electron heat conduc1on
and alpha confinement

B

Pulsed-power 
coils

Hall parameter

ωτ = 0.278•B[T ]•Te[keV ]
3/2 •

0.1
ne / ncr(3ω )

Hohlraum
plasma 
electrons
are easily 
magnetized

Alpha particle confinement:
DT alpha at 3.5 MeV•
Gyro• -radius of 25 – 50 µm requires B = 3.8 – 7.5 kT
For CR = 20 this requires a seed field of 10 to 20 T•
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The external B-field may
increase the hohlraum Te

Te measurements can be made 
using mid-Z tracer spectroscopy or 
optical Thomson

Mid-Z dot

Streaked 
spectrometer

Gated 
camera

Dot spectroscopy

NIF OTS
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Measure hohlraum wall
expansion and core shape

Expansion of wall

Inner cone 
power 
delivery

Core 
symmetry

B-field coil

Core symmetry and wall •
expansion from the pole 
has been done and may 
show affects due to the 
applied B-field
Thin• -wall measurement 
has been done; it can 
detect ~ 30% changes 
in inner beam 
propagation
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Ion temperature and Yield have been observed 
to increase with an applied B-field

Magnetized implosions at LLE show 
a modest increase in Yn and Ti

Chang et al, Phys. Rev. Lett. 107, 
035006 (2011)

B-fields have improved direct-drive 
capsule performance

B = 8 T
B = 0 T

30%

15%
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Neutron spectra can help estimate the 
compressed B-field in the capsule

Shape and comparison of DD and DT 
neutron spectra may be used to quantify 
the compressed B-field

May provide a way to verify 
the hot-spot B-field 
magnitude
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The warm magne+zed hohlraum
pla2orm is under development

Considering several options
• 3-shock HDC capsule in a gas-filled Au hohlraum

ID exploding pusher•
• 2-shock thick capsule – matches 1D simulations

Basis for the decision is which design gives the most significant and easily 
observable changes when applying an external B-field
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Summary and plans

Summary

Soak• -in moves the hohlraum too far; slots set an upper limit on hohlraum
gas-fill – need testing for C5H12

Non• -uniform B-field geometry is not optimized yet; may affect hohlraum
plasma conditions

Important to diagnose • hohlraum plasma conditions and dynamics as well 
as diagnose the capsule behavior to develop a full understanding of the 
effects of magnetization

Plans

Experimentally study limits of using slots for B• -field penetration

Simulate expected changes to • hohlraum dynamics from the applied B

Decide on the • hohlraum platform
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Gas pipes§

Discovery science§

Warm § hohlraums

TanDM (90, 348) installed at NIF

§ Cryo hohlraums

§ Cryo gas pipes

Warm targets (TanDM) Cold targets (CryoTarpos)


