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Presentation Outline 
•  The simplicity and many other advantages of the Z-pinch 

•  Historical scientific development leading to our sheared flow 
stabilization approach – SFS Z-pinch 

•  ARPA-E-funded FuZE, Fusion Z-pinch Experiment, and the 
development path for the SFS Z-pinch 

•  Recent alignment of critical factors that make now the right time 
to advance the SFS Z-pinch as a compact fusion reactor 



Lawrence Livermore National Laboratory 

Z-pinch configuration has many appealing features 
The Z-pinch has the simplest geometry of any magnetic confinement 

configuration: 
•  cylindrical plasma column 
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Z-pinch configuration has many appealing features 
The Z-pinch has the simplest geometry of any magnetic confinement 

configuration: 
•  cylindrical plasma column 
•  directly driven axial current 
•  self-generated magnetic field compresses the plasma 
Ø  perfect utilization of the magnetic field for compression, β=100% 
Ø  no magnetic field coils: greatly reducing cost, size, and complexity 
Ø  increasing the current generates higher plasma parameters, 

increased fusion production, and smaller plasma radius 
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Z-pinch research predates nuclear fusion understanding 
1790: Earliest “Z-pinch” research by Martinus van Marum 
1905: Observation of crushed lightning rod by Pollock & Barraclough 
1907: “Pinch phenomenon” in liquid conductor by Northrup 
1934: Theoretical model of plasma Z-pinch by Bennett 
1950: Z-pinch was Project Sherwood Jim Tuck’s preferred approach to 

achieve controlled fusion 
1957: Theory and experiments demonstrated virulent instabilities, m = 0, 1 
1998: Performance of Z-pinches using frozen deuterium fibers was 

severely limited by these instabilities 

fiber of about 70 ns, which is in qualitative agreement with
the observed duration of optical emission.

Axial motion in the pinch was previously observed17
from axial optical and x-ray streak photographs and gated
x-ray images. Information about axial motion in the coronal
plasma may be inferred from the schlieren diagnostic. Com-
parison of the data from different diagnostics obtained in the
same discharge are shown in Fig. 9. The schlieren and soft
x-ray photographs were taken at about 30 ns after the current
start. This coincides with the moment when the streak pho-
tograph shows axial motion of the emitting region with a
velocity of about 23107 cm/s. This velocity would give a
displacement of 0.6 mm between the two frames, which is
larger than the wavelength of the perturbations in the coronal
plasma at this moment, but is not observed in the schlieren
images. The typical spatial scale of light modulation in opti-
cal streak images is 2–4 times larger than the wavelength of
perturbations in the coronal plasma ~from schlieren data!.
The x-ray gated images show similar spatial scale to the
optical streak. One may conclude that x-ray and optical
emission originates from the central dense part of the pinch,
while the schlieren images show the coronal plasma with
much less density. The bright spots detected in visible and
x-ray emission correspond to the interaction of the necks of
m50 instability with the dense core. Differences in the spa-
tial scales may be due to the fact that some of the necks of
the coronal plasma instability are not compressed strongly
enough to form bright spots. The observed axial motion of
bright spots thus represents the motion of the contact point
between hot coronal plasma and the dense cold core. Results
of computer simulations, which reproduce this phenomenon
are discussed in Ref. 17.

D. Influence of the current prepulse on the corona
plasma

The influence of a current prepulse on the pinch forma-
tion has been discussed in a few studies of fiber initiated Z
pinches. It was found that prepulse may lead to a pinch of
smaller size18 and to a better coupling of the generator with
the pinch load.19 Recent experiments20 carried out with vari-
able time between current prepulse ~7 kA! and the start of the
main pinch current ~150 kA! showed a delay in development
of instabilities. The purpose of our experiments with current

prepulse was to study the effect of prepulse at a higher level
of the pinch current, up to 1 MA. The series of experiments
with 33 mm carbon fiber with and without prepulse was per-
formed together with attempts to apply a prepulse to a cryo-
genic deuterium fiber.

The application of the current prepulse to the fiber leads
to some changes in pinch behavior observed in experiments.
Axial streak photographs in this case show a delay in the
start of the optical emission (2468 ns compared to 14
66 ns for discharges without prepulse!. Small-scale struc-
ture in this emission, which is typical for the shots without
prepulse, is not observed ~compare Figs. 9 and 12!. Gated
soft x-ray photographs also showed a smaller number of
bright spots early in the discharge.

Figure 10 shows a set of representative schlieren pictures
at different times obtained for a pinch initiated from a 33 mm
carbon fiber with and without current prepulse. Differences
between the two regimes are observed only during early
times ~up to ;80 ns!, when the size of the coronal plasma is
smaller with the prepulse. Later, after about 120 ns there are
practically no differences in coronal plasma behavior. Varia-
tions from shot to shot become more significant. Dependen-
cies of the coronal plasma diameter and the instabilities
wavelength versus time, determined from schlieren photo-
graphs, are shown in Fig. 11. Each point represents one dis-
charge, the error bars being the standard deviation of the
measured value along the length of the fibre. The measured
radial expansion velocity with current prepulse is (3.6
60.4)3106 cm/s which is slightly smaller than for the re-
gime without prepulse ((5.561.5)3106 cm/s). The average
wavelength of the perturbations slowly increases with time
from 0.05 to about 0.2 cm in 100 ns. Also shown in Fig. 11
is the calculated value of ka5pD/l , where a is the radius
of perturbations in the coronal plasma. The presence of the

FIG. 9. Schlieren, interferometer, and soft x-ray images for the discharge
without current prepulse into 33 mm fiber. In the streak photograph the
timing of the laser probing ~L! and first x-ray frame ~X! are shown. Cathode
is at the bottom.

FIG. 10. Schlieren images from different discharges into 33 mm carbon fiber
with ~right! and without ~left! current prepulse. The pinch length is 2.3 cm,
the cathode is on the left.
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Key Innovation: sheared flows can stabilize the Z-pinch 
Prior theoretical and experimental research focused on static Z-pinch 

plasmas, and demonstrated that m = 0 and m =1 instabilities persist. 
1995: Theoretically demonstrated that a Z-pinch could be stabilized with 

low-speed axial flows è sheared flow stabilization (SFS). 

No flow 

Sheared flow 
dvz
dr

≠ 0
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Scientific advancement of sheared flow stabilization 
1998 – 2014: DOE-funded experimental project at the University of 

Washington to conduct a scientific investigation of sheared flow 
stabilization in the Z-pinch è ZaP & ZaP-HD projects 

•  produced long-lived, stable Z-pinch plasmas 
•  demonstrated robustness of sheared flow 

stabilization: stable for 1000’s times longer 
than static pinch 
•  investigated limits of stability 
•  developed understanding of plasma 

behavior and how to control it 
•  achieved pinch currents of 50 kA 
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FuZE Project is advancing the SFS Z-pinch for fusion 
Sheared flows provide complete 

stability at moderate plasma 
currents.  

Ø  Will the stabilizing effect continue 
as current is increased? 

ARPA-E ALPHA Program funded the 
UW/LLNL FuZE Project at ≈10x 
previous levels to explore the 
potential of the SFS Z-pinch as a 
compact fusion device. 

•  incorporates LLNL’s scientific expertise and hardware 
•  builds on the success of our previous SFS Z-pinch projects 
 
Ø  to advance the SFS Z-pinch fusion concept to the next step along the 

development path. 
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Development path for the SFS Z-pinch fusion core 
Increases in plasma current mark the key steps along the development 

path for the SFS Z-pinch fusion core. 
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Now is the right time for SFS Z-pinch fusion 
Four critical factors have converged: 
1.  ARPA-E funding has enabled us to push the SFS Z-pinch concept 

much further than previously possible, e.g. 6x current increase. 
2.  Computational power and simulation tools allow detailed modeling of 

sheared flow stabilization that support the experimental effort. 
3.  Encouraging experimental and computational results indicate 

sheared flow stabilization is robust even at higher currents. (Visit our 
technical poster for details.) 

4.  Growing recognition that a carbon-free power source is desperately 
needed and that current mainline fusion approaches are too costly 
and advancing too slowly to contribute to the solution. 
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RAISING SERIES A FUNDING 

u  ZAP ENERGY INC was incorporated in May 2017 as a spin-out from the 
UW and LLNL, contact Benj Conway, reachout@zapenergyinc.com 

u  ZAP ENERGY is raising Series A funding to demonstrate breakeven  
u  Targeting a compact, commercial fusion application  
u  Building on significant breakthroughs in fusion technology developed by 

UW and LLNL team since 2015 
u  Signed a proprietary intellectual property licensing agreement in June 2017 
u  ARPA-E funded until August 2018 after which ZAP ENERGY team to 

physically spin-out of UW onto new premises 
u  Team has over 90 years combined experience in fusion research 
u  Substantial advantages by removing the need for costly and complicated 

magnetic coils 
u  FuZE project equipment provided by UW to ZAP ENERGY on loan 
u  Substantially reduced risk through validation of technology with historical 

DOE grant funding and existing ARPA-E award, which provides funding 
through August 2018 

09/03/2017 19:21

Page 1 of 1https://3dprint.com/wp-content/uploads/2015/02/lawrence-livermore-national-laboratory.jpg

ZAP 


