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Radiation-driven implosions Laser-driven implosions 
Magnetically-driven 

implosions 

Focus of today’s talk 
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22 MJ peak stored energy 
26 MA peak current 

100–300 ns pulse lengths 

10,000 ft2 

~50 Megagauss field 
~100 Mbar drive pressure 

15% coupling to load 

Multi-kJ, 2-TW  
Z-Beamlet Laser (ZBL)  

beam path 
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Magnetically-Driven Implosion 

100 MBar at 26 MA and 1 mm  

Much work is needed to make this credible! 
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*S.A. Slutz et al., Phys Plasmas (2010); S.A. Slutz and R.A. Vesey, Phys Rev Lett (2012); A.B. Sefkow et al., Phys Plasmas (2014). 

Axial magnetic field 
Cold DT gas (fuel) 

Azimuthal drive field 
Liner (Al or Be) 

Compressed 
axial field 

Laser beam 

Laser 
heated  

fuel 

~1 cm 

Laser entrance hole 

Liner beginning 
compression 

Liner unstable but 
sufficiently intact 
Compressed fuel 
reaches fusion 
temperatures 
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S.A. Slutz and R.A. Vesey, Phys Rev Lett (2012); A.B. Sefkow et al., Phys Plasmas (2014). 
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Bz Magnets 
Target 

Extended 
power 
feed 

4.65 mm 

7.5 m
m

 

3 mm 

0.45 mm 

D2 gas 

0.465 mm 

Anode 

Cathode 

2.5 to 
3.5 !m 

0.5 kJ 
2 kJ 

Peak current is 19 MA 
Magnetic field is 10 T 
Total laser energy is 2.5 kJ 

~2 ms rise 
time to 10 T 

M.R. Gomez et al., Phys. Rev. Lett. 113, 155003 (2014). 

Current 

Laser 

Liner 
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DD 
peak 

n scatter 
off Be 
liner 
around 
hot fuel 

Inferred Stagnation 
Conditions 

Volume = 2-5 x10-5 cm3 
Duration = 1-2 ns 
#fuel = 0.7-2 x1023 cm-3 
Temp. = 2.5-3.1 keV 
<%v> = 1.3-2.8 x10-20 
 
Calculated Yield = 
6 x1011 to 3 x1013 DD 
 
Measured Yield = 
2 x1012 DD 

M.R. Gomez et al., Phys Rev Lett 113, 155003 (2014); P.F. Schmit et al., Phys Rev Lett 113, 155004 (2014). 
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A.B. Sefkow, S.A. Slutz et al., Phys. Plasmas 21, 072711 (2014). 

No preheat 

Data 



Magnetization 
Laser 

Heating Compression 
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Experiments to address some of these are being done on the Z pulsed power 
facility and the Z-Beamlet and Omega-EP lasers—many other opportunities exist!  
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R. D. McBride et al., PRL 109, 135004 (2012). 

To have a 3D simulation 
look like the data, it needs 
to be seeded with a two 
dimensional perturbation. 
 
Surface roughness would 
be one obvious candidate, 
but experiments with axial 
grooves instead of radial 
grooves don’t seem to 
change things much? 

' '
' ' '

' ' '
' ''

' ' '

' '
' ' '

' ' '
' ''

' ' '

Standard Process (50 nm RMS) 

Axially polished (50 nm RMS) 
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K.J. Peterson et al., Phys. Plasmas (2012); K.J. Peterson et al., Phys. Plasmas 20, 056305 (2013). 

Experimental (left) & simulated (right) radiographs 

Time Est. MRT 
(!=100 µm) 

h=0.06Agt2 Observed 

A 0.36 µm 
 

6.2 µm 13 ± 7 µm 
 

B 24 µm 41 µm 80 ± 7 µm 

Perturbation Growth Comparison Calculations suggest 
instability growth is 

independent of the initial 
surface roughness 
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K.J. Peterson et al., Phys. Rev. Lett. 112, 135002 (2014).  See also GO5.00012 on Tues. 
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Axially magnetized implosion 

T. J. Awe et al., Phys. Rev. Lett. 111, 235005 (2013). T. J. Awe et al., Phys. Plasmas 21, 056303 (2014). 
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Helically-perturbed 
target shows both 
helical structure and 
the usual cylindrically 
symmetric structure 
superimposed at late 
times! 
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Calorimeter Measurements 

Standard shots: 
 

2.5 "m mylar 
pre-pulse: 650 ps (~ 650 J) 
main pulse : 2ns (~ 1400 J) 

single pulse 1kJ/1ns 

‘reverse pulse train’ Etr=150 J Etr=85 J 
Etr=325 J 

Etr=850 J 

1 !m mylar 

Approximate size in 
integrated MagLIF 

experiments 

Z-Beamlet 
experiments 

Simulated 

Beam profile for 
800 µm diam. 

(no main amps) 

532 nm transmission 
through foil during pulse 

Experiments by M. Geissel (see also talk GO4.00011) 
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t = 10ns t = 36ns 

Z-Beamlet (Geissel, Porter, Lewis) 

Omega-EP (Harvey-Thompson, Sefkow) 
2 ns beam, 2.2 kJ, 1um LEH  4 ns beam, 3.1 kJ, 2um LEH  4 ns beam, 2.9 kJ, 2um LEH, No DPP  

750 µm  
diam. beam 

4ns 32ns 

High Intensity, thick foil 

High Intensity, thin foil 
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Ion and electron temperature 
profiles from HYDRA with and 
without a 10 T applied B field for a 
2mg/cc D2 gas heated with a 3w 
laser delivering 2.5 kJ in 1 ns 

!! Previous work used a laser (1&, 100 J, 1 ns) 
to heat a magnetized N jet (ne = 1.5e19/cc) 
with a 12 T peak B field (Froula, PRL 2007) 

!! Thomson scattering used to determine 
temperature profile perpendicular to B-field 

!! They found electron thermal conduction was 
suppressed according to classic Braginskii 
models for heat transport 

!! We propose to extend this in Omega-EP 
experiments to plasma densities 20x higher, 
plasma temperatures 5x hotter, using 50x 
greater laser energy available there 

!! Effect of 10 T B field on laser-heated plasma 
dynamics/temperature of laser heated 
plasma expected to be large/observable 

!! Near-Braginskii transport under these 
conditions would be good news for MagLIF! 

REDUCE SLIDE DETAILS! 
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Omega at LLE has proton 
deflectometry capability 

Preliminary simulations suggest 
results may be sensitive to Nernst  

Measured BR at 
stagnation, but 

extracting B difficult? 

ADD CITATIONS 
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Decel. RT
(perturbed 

liner) 

Decel. RT
(perturbed 

on-axis rod) 

Simulated Radiographs Laser heating 
creates a 
radiation wave 
that hits the 
liner, possibly 
filaments, and 
the blast wave—
how well can we 
model this? 

Can we use spectroscopic tracers on 
the inside liner surface, or embedded 
within it, to place bounds on the 
amount of “mix mass” created by 
these phenomena (as well as the 
implosion itself)? 
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Increase B-field 
from 10 T to 30 T 

Increase laser 
energy from  
2 kJ to >6 kJ 

Increase current from 
19 MA to >20 MA  

(Z facility upgrades; 
load hardware 
optimization) 

Magnets 

Extended 
power 
feed 

MagLIF 
on 
Omega 



P.Y. Chang et al., PRL (2011). 
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