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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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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 



Dist. [cm] 

Compressed 
Bz field 

3. Z drive current and B! field implode the liner 
(via z-pinch) at 50–100 km/s, compressing the 
fuel and Bz field by factors of 1000 

Cold DD or DT gas (fuel) 

Liner (Li, Be, or Al) 
1.! A 10–50 T axial magnetic field (Bz) is 
applied to inhibit thermal conduction losses 
and to enhance alpha particle deposition 

 ZBL 
beam ZBL  

preheated  
fuel 2. ZBL preheats the fuel to 

~100–250 eV to reduce the 
required compression to 
CR"20–30 

With DT fuel, simulations indicate scientific breakeven may be possible on Z 
(fusion energy out = energy deposited in fusion fuel) 

Z power flow 
(A-K gap) 

F$+0%$+@,%J&(4+),@0%2+)=$+$K07805,(+,:+0+($@+
+304($5L$2+-&($%+;($%507+68*&,(+D304-;6EI+1,(1$#)+

Bz coils 

* S. A. Slutz et al., PoP 17, 056303 (2010).  S. A. Slutz and R. A. Vesey, PRL 108, 025003 (2012).  



MagLIF Timing Overview 
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MagLIF Point Design (Reproducing Slutz 2010 PoP Fig. 4)
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~ 100-ns implosion times 
~ adiabatic fuel compression (thus preheating the fuel is necessary) 
~ 5-keV fuel stagnation temperatures 
~ 1-g/cc fuel stagnation densities 
~ 5-Gbar fuel stagnation pressures  

Laser preheating time 
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Aspect Ratio = R0/"R 
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3.47 mm 
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AR ! Router,0
"R0

P.+-QHR!S+*&'8705,(*+,:+304-;6+*844$*)+0(+
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* S. A. Slutz et al., Phys. Plasmas 17, 056303 (2010). 
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VISAR probe 
(current 

diagnostic) 

B-dot probes 

8-post, 26 mm ID 
return-current can 

•! Solid cylindrical liner (Al 1100 alloy) 
•! 6.5 mm tall, 6.34 mm diameter, AR=10 
•! 10 nm surface finish (diamond-turned) 
•! 12 sinusoidal perturbations 

Photos by Michael Jones 

Targets made by General Atomics 
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Be
Liner

Be Return-
Current Can

Cathode Vacuum
Anode

Load
Frame 1 Crystal

Frame 2 Crystal
Manganese (Mn)
 Laser Targets

ZBL Beams

(c)

(b)

(a) (d)
X-rays

Load Region

Detector Housing

Mn Laser Targets

Load

Frame 1 Crystal

Frame 2 Crystal

Limiting
Apertures

* 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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High opacity of 
Al means that 
we only see the 
edge of the liner 

Lower opacity of Be 
means that we can 
see through the liner 
and the “spikes” show 
up as dark bands 

Machining of beryllium targets is done at General Atomics in La Jolla, CA 
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White = empty (T=100%) 
Black = opaque (T=0%) 

200 µm 
wavelength 
(10 µm amplitude) 

400 µm 
wavelength 
(20 µm amplitude) 

Unperturbed region 

Current 

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



F$+,A*$%K$+$"1$77$()+04%$$'$()+A$)@$$(+*&'8705,(+0(2+
$"#$%&'$()+&(+*&(47$?',2$+3T<+4%,@)=+$"#$%&'$()*\++
!"#$%&'()&"*+)&+)'(,-,.,%/&*"&!")-&#$&0*%123&4*.4!.*5,$"+

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

Ablated material 
coalesces in 

valleys to form 
jets visible in the 

radiographs 

Simulated density 
map with rB$ contours 
LASNEX: Tjets ~30 eV; Tvalley ~100 eV 

200 µm 

!! 6&($?*)%81)8%$+2$)0&7*+*81=+0*+b$c(4+
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G$%/77&8'+$"#$%&'$()*+*=,@+*8%#%&*&(47/+1,%%$70)$2+&(*)0A&7&)/+4%,@)=+

R.D. McBride et al., Phys. Rev. Lett. 109, 135004 (2012). 

* 
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Standard process 
(50 nm RMS) 

After axial polishing 
process applied  
(50 nm RMS) 

We have just started investigating whether a different surface structure affects the results 
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R. D. McBride et al., Phys. Plasmas 20, 056309 (2013). 

µBdot 
probes 
inside 
liner 

On-axis 
rod to 

quench 
radiation 
quench 
radiation 

*Thin Al 
layer to 
enhance 
contrast 
suggested 
by D.D. 
Ryutov 
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LASNEX 2D from 
S. A. Slutz, et al., PoP (2010) 

Experiment 

Note: MagLIF requires final compression 
to on-axis rod 

500 
µm 

R. D. McBride et al., Phys. Plasmas 20, 056309 (2013). 
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R. D. McBride et al., Phys. Plasmas 20, 056309 (2013). 

Shockless 
(ICE) 

H=,1J+K*_+H=,1J7$**+
Dg80*&?;*$()%,#&1E+
9,'#%$**&,(+



Most Recent Be ICE to >5 Mbar 

M. R. Martin, R. W. Lemke, R. D. McBride et al., Phys. Plasmas 19, 056310 (2012). 

EOS unfolds by 
M. R. Martin 
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10 Tesla point design  

Time to peak field = 3.49 ms 
 

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

Coil 

Coil 

Coil 

Coil 

Target 

D.C. Rovang et al., see http://www.sandia.gov/pulsedpower/maglifpres/Agenda.html  
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Magnetic Coil 
Testbed (MCTB)  1st 900kJ Capacitor 

Banks 

Surrogate Vacuum 
Chamber (SVC) 

The SITF Testbed in Bldg. 970 

Commissioning of coils in the Z 
chamber completed in Feb. 2013 

D.C. Rovang et al., see http://www.sandia.gov/pulsedpower/maglifpres/Agenda.html  

Photo of capacitor bank w/o covers; with covers Photo of capacitor bank w/o covers; with covers 
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Pre-shot photo of coils & target hardware Post-shot photo 
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4 mm CR 
=2.7 

CR 
=6.4 

CR 
=2.9 

CR 
=6.9 

CR 
=2.0 

#g#(8L1#

No B-field 

T. J. Awe et al., manuscript in preparation (2013). 
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Vacuum Magnetic Flux Compression: 

Bdot probes 
detect dynamic 
field 

Faraday rotation and 
Zeeman spectroscopy 
measure total field 
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Z Shot 2592 Target design 

•! Used MagLIF-
relevant 
dimensions and 
implosion time 

 
•! Faraday rotation 

fiber on axis 

•! 2 SVS fibers in top 
end cap 

•! 4 micro Bdots in 
top end cap 
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Slide 
courtesy of 
Matt Gomez 



Zeeman	
  effect	
  was	
  observed	
  in	
  the	
  SVS	
  spectra	
  
from	
  z2592	
  indicaAng	
  flux	
  compression	
  

Plot courtesy of Matt Gomez 
& Stephanie Hansen 



z2592	
  micro-­‐Bdot	
  Results	
  
•  One single-ended probe, 

BMIC05 (black curve), 
gave a good signal that 
agrees well with a 
simple simulation (its 
differential-pair partner, 
BMIC08, did not 
survive however) 

•  The red vertical dashed 
line indicates the time 
when the liner hits the 
outer radius of the on-
axis Faraday probe 
housing, and thus marks 
the end of the flux 
compression experiment 



Faraday	
  RotaAon	
  Results	
  (Z	
  Shot	
  2713)	
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Faraday Rotation Results for Z Shot 2713

 

 

Bz [T] (ch2)
Bz [T] (SAMM sim.)
Router x 10 [mm] (SAMM sim.)
Rinner x 10 [mm] (SAMM sim.)
Rprobe x 10 [mm]
Time of probe failure



Micro-­‐Bdot	
  Results	
  (Z	
  Shot	
  2713)	
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Exp. Vprobe,#6 (−) [V]
Exp. Vprobe,#7 (+) [V]
Sim. Vprobe(nom.) [V]
Sim. Vprobe(+dz=0.6mm) [V]
Sim. Vprobe(−dz=0.6mm) [V]
Sim. Router x 5 [mm]
Sim. Rinner x 5 [mm]
Rprobe [AU]
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Magnetized tritons implies 
magnetized electrons: 

rt ⇡ 1.1r↵

Magnetized tritons implies 
magnetized alpha particles: 

P.F. Schmit et al., PRL 113, 155004 (2014);  P.F. Knapp et al. PoP 22, 056312 (2015).   
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2.5e5 G-cm 
4.5e5 G-cm 
7.5e5 G-cm 

2.5e5 G-cm 
4.5e5 G-cm 
7.5e5 G-cm 

nTOF spectra consistent 
with ~4.5e5 G-cm 
 
DT/DD ratio consistent 
with >4e5 G-cm 

P.F. Schmit et al., PRL 113, 155004 (2014);  P.F. Knapp et al. PoP 22, 056312 (2015).   


