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Why laser-driven x-pinches? 

• X-pinch dynamics and interesting use cases

• Experiment setup on Titan and target details

• Preliminary data analysis from the Titan experiments



Goal: Use the currents from a short pulse laser-solid 
interaction to drive a magnetic pressure-driven pinch
• X-pinches are sources for 

high resolution radiography 
and other advanced x-ray 
diagnostics

• X-pinches are also unique 
ways to study extreme 
plasma conditions (>solid 
density at ~1 keV)
• Magnetic and thermal 

pressures >100 Mbar

Pikuz et al. Plasma Physics Reports, 2015, Vol. 41, No. 4.; J. Read et al. Rev. Sci. Instrum. 95, 023508 (2024); 

M. P. Valdivia et al. Plasma Phys. Control. Fusion 64 (2022) 035011; 
D. B. Sinars PRL 109, 155002 (2012)



The pulsed power have demonstrated x-pinches as a 
source for several advanced x-ray diagnostics

Typical x-pinch

< 10 micron source size

< 50 ps duration
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X-pinches are current-driven devices that concentrate the 
magnetic pressure at some crossing point in the conductor

S. A. Pikuz Plasma Physics Reports, 2015, Vol. 41, No. 4, pp. 291–342; D. B. Sinars Rev. Sci. Instrum. 72, 2948–2956 (2001)

Detail of micropinch cascade

Wire ablation and 
neck formation

Micropinching, hot spot 
formation, and diode e-beam



The “rules” of x-pinching

• dI/dt > 1 kA/ns at the leading edge of the current pulse

• Opening angle between 45 and 90 degrees

• > 100 kA peak current
• There are a few examples of x-pinching below 100 kA

Pikuz et al. Plasma Physics Reports, 2015



Laser experiments could benefit from this 
capability, but it is not possible at most facilities

• Co-locating is a technical challenge
• There are portable pulser techniques

• Damage concerns from debris and soot

• Jitter of ~ 1 ns in the arrival of peak current

• Existing technology does not scale well to 
high repetition rates

M. E. Savage et al. 2011 IEEE Pulsed Power Conference; J. Strucka et al. Matter Radiat. Extremes 7, 016901 (2022); 
J. Read et al. Rev. Sci. Instrum. 95, 023508 (2024)



The work of Beg et al. observed z-pinching in 
short-pulse laser driven wires

F. Beg et al. Phys. Rev. Lett. 92, 095001 (2004); J. Griff-McMahon et al. PHYSICAL REVIEW RESEARCH 6, 033312 (2024); H. Morita et al. PHYSICAL REVIEW E 103, 033201 (2021);
A. Chien et al. Phys. Plasmas 28, 052105 (2021); J. L. Peebles et al. Phys. Plasmas 27, 063109 (2020); L. Yang et al. Matter Radiat. Extremes 9, 047204 (2024);
G. J. Williams J. Appl. Phys. 127, 083302 (2020); M. Ehret et al. Phys. Plasmas 30, 013105 (2023)

Vulcan laser: 70 J, 1 ps, ~5x1019 W/cm2, Cu wires 20 μm in diameter

There are multiple efforts to utilize and understand laser-induced currents



The laser-driven x-pinch uses the currents induced from 
laser-solid interactions to drive large magnetic pressure

I
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B. K. Russell et al. PHYSICAL REVIEW RESEARCH 7, 013294 (2025); L. Gao et al. Appl. Phys. Lett. 127, 094101 (2025); 
M. Ehret et al. Phys. Plasmas 30, 013105 (2023); F. N. Beg et al. Appl. Phys. Lett. 84, 2766–2768 (2004)

Pmag∝ I2/r2
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A recent LaserNetUS experiment at the Titan laser 
explored laser-driven x-pinches

Titan Laser at LLNL:
~120 J in ~1 ps
~1x1020 W/cm2

Optical probe:
10s mJ in ~ 1ps
2w

Optical probe
delay up to ~300 ps

Laser incident at 45 
degrees to target

Charged particle
spectrometer

25 micron pinhole
camera

20 micron by 3 mm slit
camera

RCF stack

f/3 OAP
1 micron light



The targets used two different manufacturing techniques, 
which provided varying surface roughness

Al laser-cut targets Cu electroformed targets

About 13 micron
wires

~20 micron wide
cross over region

~80 micron tall
cross over region

~$90/part

Potomac photonics

About 7-18 micron
wires

~15-26 micron wide
cross over region

~30-50 micron tall
cross over region

About $1500 for 
tooling and ~$1/part

Gilder grids

500 microns

12
50

 m
ic

ro
ns

Thanks to MiTRF for 
Target support



Recent experiments on Titan use similar diagnostics to 
pulsed power experiments to observe x-pinches

• A 10s mJ short pulse (~1 ps) probe beam provides shadowgraphy
measurements

• An Electron-Proton-Positron Spectrometer collects the accelerated 
particles

• X-ray pinhole cameras observes time-integrated emission images

• A radiochromic film stack images the protons emitted normal to the 
rear surface of the target

Thanks to Hui Chen and Jackson Williams for use of the EPPS
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The wire expansion shows several asymmetries 
during the experiment

Pre-shot image

More instability growth

Less instability growth

Less wire expansion More wire expansion



Contours at 10% of the maximum signal show that 
the instability grows into the original wire location

Pre-shot image

Brightening between “hairs”

Lower density plasma expansion



The asymmetry in the instability growth provides an 
opportunity to measure the wire expansion velocity

2x2 pixel
Box threshold



The difference between the edges of the segmented 
images provides the wire core expansion

Probe delay: 240 ps



Electron spectra generally show a 
two-temperature distribution

Al x-pinch

124.7 J on shot



Comparison between an x-pinch target and a flat foil 
with similar laser energy show  differences

12.5 micron thick Al x-pinch 112.8 J 15 micron Al foil 106.4 J



Comparisons of the electron spectra with the input laser 
energy show different behavior at higher laser energy



Summary

• Recent experiments at the Titan laser explored laser-induced currents 
in “x” structured targets

• This could lead to X-pinch sources for advanced diagnostics at high 
repetition rate

• There is also the potential for studies of extreme conditions (~1 keV and 
>solid density) at high repetition rate

• There are promising results from the experiments and decisions about 
material and manufacturing choice are important in future work
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