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• The PFRC-2  is a rotating magnetic field-heated (RMF-heated) field 
reversed configuration (FRC) with the primary goal of reaching 
average ion temperatures of  > 500 eV

• To heat ions, their energy loss to electrons must be reduced. 

• Experimental measurement of electron temperatures via visible line 
emission has been performed on the PFRC-2, but the interpretation 
methods used result in variations of up to 50%.
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• Particle-in-cell (PIC) codes are used to 
simulate plasmas
• In certain cases, the general PIC model is

not viable

• Tri-Force provides better predictive 
capability
• Consists of a PIC and meshless 

hydrodynamic model

• TFFate

• Quick implementation and evaluation of
algorithms

There are 4 basic steps 
to the PIC algorithm:

Particle_Pushing_for_Dummies_v1.0%20(5).pdf
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• Read from PFRC-1 simulation data files for ion density, electron 
density, temperature, and volume

• Use PIC data to simulate the expected radiation in the plasma

• Focusing on Bremsstrahlung x-ray spectra

• Will allow synthetic spectra to be compared to detector measurements 
to check uncertainties/calibration issues etc
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• Assumptions:

• Free-Free Bremsstrahlung x-ray emission occurring in an optically thin 
plasma

• Optically thin plasma – no absorption of photons

• Radiation from electron–electron collisions and from ions can be ignored

• Ion & Electron density, temperature, and volume come from each “cell”

• Spectra is simulated over a set range of frequencies

• Emissivity is calculated over the photon energy range of interest for each cell
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Example of PFRC-1 raw data
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Free-Free Emission - Bremsstrahlung Radiation

• Total radiated spectrum that one electron, at velocity v, sees per second at impact parameter b
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https://www.slideshare.net/KhaledEdris/radio-astronomy-emission-mechanisms

Bremsstrahlung Wiki

https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBremsstrahlung&psig=AOvVaw1exQzQvv38_LcaK_sNZGCI&ust=1629200221411000&source=images&cd=vfe&ved=0CAwQjhxqFwoTCJCw-PW5tfICFQAAAAAdAAAAABAD
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𝑗𝑓𝑓 𝜈 = 5.44 × 10−39 𝑔𝑓𝑓 𝜈,T
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For ℎ𝜈 ≲ 𝑘𝐵𝑇
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Spectrum Eqns. Continued

• Where 𝑗𝑓𝑓 𝜈 is the free-free emissivity as a function of frequency, and f(v) is a Maxwellian distribution of 
electron speeds 

• Where 𝑔𝑓𝑓 𝜈,𝑇 is the gaunt factor defined in the x-ray range (below), 𝑛𝑒 is the electron density, 𝑛𝑖 is the 
ion density, T is temperature, h is Planck’s constant, and 𝑘𝐵 is Boltzmann's constant.
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• Python Spectrum function
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Fig2. Plot of PFRC-1 particle-in-cell Raw Data Fig1. Plot of Spectrum using constant arrays 
chosen plasma parameter values

• Comparison of test data and raw PFRC-1 data
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Fig4. Plot of 1keV Monte Carlo simulation demonstrating correction to Fig3 plot. Fig3. Plot of measured x-ray data gathered by silicon drift detector.
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Fig5. The effect that varying plasma parameters has on bremsstrahlung spectrum Fig6. The effect of varying ion density on bremsstrahlung spectrum 

Fig7. The effect of varying electron temperature on bremsstrahlung spectrum Fig8. The effect of varying electron density on bremsstrahlung spectrum 
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• Conclusion:
• A Python module has been developed for TriForce that reads particle-in-

cell data and graphs the expected bremsstrahlung radiation spectrum over 
a photon energy range of interest.

• Future Work:
• Simulate detector window geometry and film material to more closely 

compare with detector data
• Incorporate other radiation of interest

• Line radiation and synchrotron/cyclotron radiation

• Resolve certain assumptions
• Gaunt factor will ideally vary over certain intervals depending on plasma 

parameters

• Use simulations to accurately infer electron temperature 
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