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22 MJ peak stored energy 
26 MA peak current 

100–300 ns pulse lengths 

10,000 ft2 

10 to 50 MGauss drive fields 
1-100 Mbar drive pressures 

15% coupling to load 

2-kJ Z Beamlet Laser (ZBL) 
for radiography and 

MagLIF fuel preheating 
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R(.&91'1-:(69&'#(61S#( ZBL was originally a prototype laser 

for the National Ignition Facility (NIF) 
 
Today ZBL is located at Sandia and 
is routinely used to deliver ~2.4 kJ of 
2! light in 2 pulses for radiographing 
Z experiments 
 
Filling out the booster amps would 
enable longer pulses (5–7 ns) which 
would extract up to 6 kJ of 1!, for 
4.2 kJ of 2!.  This energy could be 
used to heat fusion fuel to a few 
hundred eV. 

* P. K. Rambo et al., Applied Optics 44, 2421 (2005). 

Phase C  

laser building 
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* G. R. Bennett et al., RSI (2008). 

•!Spherically-bent quartz crystals (2243) 
•! Monochromatic (~0.5 eV bandpass) 
•! 15 micron resolution (edge-spread) 
•! Large field of view (10 mm x 4 mm) 
•!We can see through imploding beryllium (not so 

for aluminum and other higher-opacity materials) 

!! Original concept 

!! S.A. Pikuz et al., RSI (1997). 

!! 1.865 keV backlighter at NRL 

!! Y. Aglitskiy et al., RSI (1999). 

!! Explored as NIF diagnostic option 

!! J.A. Koch et al., RSI (1999). 

!! Single-frame 1.865 keV and 6.151 
keV implemented on Z facility 

!! D.B. Sinars et al., RSI (2004).  

!! Two-frame 6.151 keV on Z facility 

!! G.R. Bennett et al., RSI (2008). 
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axial 
magnetic 
field 

cold DT 
gas (fuel) 

azimuthal  
drive field 

Liner (Al or Be) 

compressed 
axial field 

 laser 
beam preheated  

fuel 

*S.A. Slutz et al., Phys. Plasmas 17, 056303 (2010).  S.A. Slutz and R.A. Vesey, Phys. Rev. Lett. (2012). 

~1 cm 



Fully integrated HYDRA simulation with 
DD fuel, Bz=10T, Imax=18 MA, Elaser=2.64 kJ 

•! Bz
0 = 10 T, DLEH = 1.76 mm, "zgas = 1 cm, "zimp = 9 mm 

•! #gas = 2 mg/cc, "zwin = 2.47 µm (1.24 µm deformed) 
•! Roosevelt 1 Be liner, Z=6, 138 mg/cm 
•! Imposing I(t) from z2319 (no Bz, not 9 mm load) 
•! The 2! diameter at the LEH window is Dlaser= 800 µm  
•! Peak power of 1.4 TW, irradiance ~1-2e14 W cm-2 
•! ZBL fires at 105 ns (+45 ns from t5MA, -47 ns from tstag) 

ZBL  
2! light 

(2.64 kJ) 

Al Al 

Be 
D2 

#DD = 2 mg/cc 
(164 psi) 

2! light 

Be 

Al 

2513 J 

127 J 



++"



+!"



+D"



+E"



+L"



+a"



+c"



+b"



O#(5&@#(1"0-&''#7(&"(g(,.^(UV(FY^(\XX(FK(9&4&91-*$(D&"F(*"(8(-*(
7$1@#(UX>]X(A(&31&'(+#'70(*@#$(&(0#@#$&'(9,](@*'/,#(J*$(=&<P!.(

+_"

Capacitor bank system on Z 
900 kJ, 8 mF, 15 kV 

#11 sq. copper 
wire with double 
Kapton insulation 

Torlon housing 

Zylon/epoxy 
shell provides 
external 
reinforcement 

MagLIF on-axis magnetic field data taken at our 
Systems Integration Test Facility in Bldg. 970 

MagLIF prototype assembly with test 
windings of coils 

Cross section of 80-turn coil prototype 

80-turn coil 

60-turn coil 

Prototype coil development: Jim Puissant, Raytheon-Ktech, Albuquerque 
Production coils for Z:  Milhous Corporation, Amherst, VA. 
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Bz 
Magnets 

Liner 
(~1 cm 
height) 

Extended 
power 
feed 

10 Tesla  

Time to peak field = 3.49 ms 
 

Long time scale needed to 
allow field to diffuse through 
the liner without deformation 

Energy storage is sufficient to meet 
our long-term goal of a 30 T field 

10 T field coil configuration shown, 
fields up to 30 T possible by 
increasing the coil cross section and 
eliminating the side-on view of liner 
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Shielding 

Blast shield 
& collimators 

Target 

ZBL  
2! light 

(2.64 kJ) 
2513 J 

127 J 

Vacuum 
Window 

Example pulse measurement 
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* Highlighted in this presentation 
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prediction 

Dark = opaque 

Experiment 

D.B. Sinars et al., Phys. Rev. Lett. (2010); D.B. Sinars et al., Phys. Plasmas (2011). 

Radiographs captured growth of  
intentionally-seeded 200, 400-µm 
wavelength perturbations 
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R.D. McBride et al., Phys. Rev. Lett. (2012);  R.D. McBride et al., Phys. Plasmas 20, 056309 (2013). 

* 
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Constant 
electrical cond.$ Nominal$

10x thermal 
conductivity$

*K.J. Peterson et al., Phys. Plasmas (2012); K.J. Peterson et al., Phys. Plasmas 20, 056305 (2013). 

Temperature perturbations give 
rise to pressure variations which 

eventually redistribute mass  

Calculations suggest 
instability growth is 

independent of the initial 
surface roughness 
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4 mm CR 
=2.7 

CR 
=6.4 

CR 
=2.9 

CR 
=6.9 

CR 
=2.0 

No B-field 

Highest CR 
imaged to 
date 

T.J. Awe et al., submitted to Phys. Rev. Lett. 
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Probes measure the 
dipole fringing field 
above the liner 

Zoomed 
Optical 
Photo 

Zoomed 
X-ray 
Image of Bdot loops 

We are improving the 
data quality, but our 
first measurements did 
show evidence of flux 
compression during 
the implosion 

Bdot probes developed in collaboration with J. Greenly (Cornell U.) 
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Experimental (left) & simulated (right) radiographs 
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Radial Trajectory 
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Perturbation Growth 

Perturbation Growth Comparison 

*K.J. Peterson et al., Phys. Plasmas (2012); K.J. Peterson et al., Phys. Plasmas 20, 056305 (2013). 
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K.J. Peterson et al., manuscript in preparation 
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Same images plotted using 
0-40% transmission range 
instead of 0-100% 

Cylin. 
CR 
=6.4 

Cylin. 
CR 

=6.9 

T.J. Awe et al., submitted to Phys. Rev. Lett. 
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Two-wavelength structure is 
machined on outer surface of 
a cylindrical Al 1100 liner 

Additional harmonics are 
predicted to appear in 
simulations* 

Data show additional short-
wavelength features 

* Idea first noted by M.R. Douglas et al., Phys. Plasmas 5 (1998). 
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Te 10 T 

Te 0 T 

Ti 10 T 

Ti 0 T 

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 3! 
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! 
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Hydra sims of laser intensity contours for 2.5 kJ, 1ns, 3! laser in 2 mg/cc D2 fuel. 
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Glenzer et al., Nat. Phys. (2007) 
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The presence of a magnetic field can strongly affect 
transport properties, e.g. heat conduction 

Temperature gradient 
Hot Cold 

Collisional 
no B 

Strong B 
No collisions 

Strong B 
with collisions 
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Energetic particles (e.g., alpha particles) can also be strongly 
affected by magnetic fields 
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*Basko et al. Nuc. Fusion 40, 59 (2000)  The #r needed for ignition can be 
significantly reduced by the presence of 
a strong magnetic field  
•! Inhibits electron conduction  
•! Enhances confinement of % particles 
 
Lower #r means low densities are 
needed (~1 g/cc <<  100g/cc) 
 
Pressure required for ignition can be 
significantly reduced to ~5 Gbar  
(<< 500 Gbar for hotspot ignition) 
 
Large values of B/# are needed and  
therefore large values of B are needed. 
 
B~ 50-150 Megagauss >> B0 -> flux 
compression is needed 

Even in non-optimal field-line geometry 
magnetic fields have had a positive 
impact on capsule implosions:  
P.-Y. Chang et al., Phys. Rev. Lett. (2011) 



Fuel can be heated to ignition 
temperature with modest 
Convergence Ratio when the initial 
adiabat is large 

•! adiabat set by implosion velocity 
(shock) or 

•! alternatively by fuel preheat in 
addition to a shock 

Preheating the fusion fuel to ~150 eV 
can allow low-velocity, low-
convergence implosions to reach 
ignition and burn 

Velocity (cm/µs) 

CR10 

Lasnex simulation with 
constant velocity 

CR10 = Convergence Ratio (R0/Rf) needed 
to obtain 10 keV (ignition) with no radiation 
losses or conductivity 

T0=150 eV 
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Rough scaling estimates show how 
suboptimal parameters lower the yield we would expect 

Ideal yield from DT, Bz
0 30T, Imax 27 MA, Elaser~8 kJ : 4e17 cm-1 

Optimistic 
Reduction factor 
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Pessimistic 
Reduction factor 
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5.00e15 
1.38e15 
1.96e14 
7.86e13 
3.93e13 
2.36e13 
1.65e13 
 
3.30e12 

4.44e15 
8.33e14 
4.17e13 
1.04e13 
3.47e12 
1.39e12 
8.33e11 
 
8.33e10 

DT to DD hit (at ~8 keV) 
Initial gas energy hit (1.5-2.2 kJ) 

Low Ti hit on reactivity (~3-4 keV) 
Low Imax/Edrive (slower, lossy, less PdV) 

Losses from low 10T Bz and Nernst 
Burn region dz < 1 cm (~4-6 mm) 

End losses from 1 cm liner (~0.6-0.7) 
 

Non-ideal 2D / 3D effects / Mix / 
Murphy 

Estimate for experiments:  ~1011 - few 1012 neutrons might be within reach 


