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Relativistic Current Filamentation Instability
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Califano, et al. "Nonlinear filamentation instability driven by an 
inhomogeneous current in a collisionless plasma." Physical Review E (1998)

Peterson, J. et al. "Magnetic field amplification by a nonlinear electron 
streaming instability." Physical Review Letters (2021)
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PIC Modelling of Current Filamentation Instability
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Current Filamentation Instability - Previous Works
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Allen, Brian, et al. "Experimental study of current 
filamentation instability." Physical Review Letters (2012)

Huntington, et al. "Current filamentation instability in laser wakefield accelerators." Physical review 
letters (2011)

● Proof-of-concept LWFA experiment has been done by our 
group in the past (Huntington et al.)

● Previous experiments demonstrate early growth of instability, 
but do not explore a large parameter space.
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Laser Wakefield 
Acceleration (LWFA) of 

Electron Beams
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● LWFA produces ultrashort (fs time scale), high current 
density, low-divergence, relativistic electron beams.
 

● Beam parameters (high current density, GeV-class 
energy, tunability) make LWFA an attractive source of 
particle beams to study current filamentation instability in 
spatial scales suitable to a lab setting.
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Experiment at CSU: Scan Length, Plasma Density, and 
Filamentation Gas Species to Characterize Instability
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Surveyed Length & Plasma Density in Filamentation Cell
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Example of Parameter Space Measured
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Filamentation Stage: Variable-Length Cell Designs

5 - 10 cm0.2 - 5 cm 10 - 15 cm 
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Sequential Off / On Test of Filamentation Gas Cell 
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Scanning Length of Instability for Similar Gas Densities
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Longer
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Scanning Plasma Density: Clear Dependence
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Conclusion / Ongoing Analysis

● Filamentation was observed over a wide range of instability parameters.
● Work is ongoing to quantify the growth rate as a function of the experiment’s 

parameter space.
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Thank you! Questions?
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Advanced Beam Laboratory!

Email: jcardar@umich.edu
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Extra: Spectrometer Measurements From CSU Setup
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Extra: ESPEC On/Off test ~3 mm long, 500 PSI
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Continued...
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Continued...


