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Measuring Fields for Plasmas is a Challenge

● Traditional electromagnetic field measurement techniques are insufficient for 

most laboratory plasmas due to harsh conditions
○ How can a probe be placed in a plasma environment without damaging either the equipment 

or disrupting the experiment?



Particle Radiography

● Does not have to be placed into the plasma!



Radiography Methods

● Current radiography methods utilize protons to measure deflection
○ Protons generated through irradiating thin solid foil with a short laser pulse or by utilizing the 

result of the implosion of a Deuterium Helium 3 capsule 

○ In the 3-60 MeV range of energy

● Electrons radiography is a newer concept being tested
○ Electrons are produced through laser-wakefield acceleration

○ Laser-wakefield acceleration is when a laser is driven through a plasma. A “wake” is created 

that creates a force which accelerates electrons in the direction of the beam.

○ Measured to be beyond 1 GeV
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Electrons Have Advantages Over Protons

● Electrons can probe into HEDP’s with higher magnetic field

● Electrons can penetrate thicker material filters around the target plasma

● Electrons have high spatial and temporal resolution

● Laser required for sending out the electrons is compact

● Useful for laboratory setups like Mag-LIF (magnetized liner inertial fusion)
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Modeling an Infinite-Length Wire



Set-up of 1 MA Current Through Wire



Much Less Deflection With Electrons



What This Means and What Comes Next

● Electrons are able to resist deflection caused by higher levels of 

electromagnetic fields

● Electrons seem to have a higher threshold of magnetic field strength which 

they can measure

● Further modeling needs to be done to account for more complex interactions 

of the wire (such as wire deflection)

● Eventually, we can use wakefield accelerated electron-based radiography 

setups in actual experiments



Thank you!
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Key Equations Used in Code


