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2. Data: Particle-in-Cell (PIC) Simulation
TRISTAN-MP: PIC simulation code, evolves:
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Simulation Details

Sample distribution function with  macroparticlesN

Motion of each macroparticle

Evolution of EM fields

[Comisso & Sironi, ApJL, 2022]

https://boltzplatz.eu/intro-particle-in-cell/
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L3 L = 60di → Δkdi = π/30
l = L/3

→ k0di = 0.314
mi/me = 50 Ti0/Te0 = 1 βi0 = 0.04 ⃗B 0 = B0 ̂z

⟨δB2(t = 0)⟩1/2 = B0

β0 = βi0 + βe0 = 0.08 kBT0 = 0.02mec2 → k0ρi = 0.0628
vti0 = 0.02c vte0 = 0.14c

de = c/ωpe → di = c/ωpi

14003 → 1.75 × 1011

Δx = 3/70di

ωpe/ωce = 4πn0e2/me /(eB0/mec) = 1

→ B0 = c 4πn0me

vA = B0/ 4πn0mi = 0.14c

CC = cΔt/Δx = 0.45 → Δt = 0.01928di/c = 1.35 × 10−4l/vA

1. Motivation: Solar Energetic Particles
• Non-thermal particles everywhere in space but 

acceleration mechanism unclear 
• A fully 3D, high-resolution turbulence simulation now 

allows detailed study of particle energization 
• So we apply our diagnostic tool to this data to 

investigate which mechanisms produce non-thermal 
particles in non-relativistic, low-beta turbulence

4. Results: The Importance of Local FAC

3. Diagnostic Tool: Field-Particle Correlation (FPC)
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FPCs are defined as:
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• Calculate these 
terms from data 

• Plot them on 
velocity space 

• Different 
mechanisms 
have different 
patterns.

[Huang et al, JPP, 2024]

[Huang & Howes, PoP, 2025]

[Juno et al, JPP, 2021] [Montag & Howes, PoP, 2022] [McCubbin et al, JPP, 2022]

Landau damping transit-time damping ion cyclotron damping

collisionless shock magnetic pumping magnetic reconnection

Data We Have: 
downsampled, 

 particles, 
 grids, 

1.1 × 107

7003 Δx = 3/35di

Turbulent Energy Spectrum at t = 1.25l /vA

Energy Distribution

5. Results: FPCs at Selected Timeslices

[Comisso & Sironi, ApJL, 2022]
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6. Summary: More Questions than Answers
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• Ions: Rapid ion cyclotron damping (iCD) in the beginning? 
• Electrons: Parallel energization due to magnetic reconnection (eMRXN)? 
• Overview:  and  (for ) look symmetrical wrt 0,  drift?js⊥1E⊥1 js⊥2E⊥2 s = i, e E × B

Ion, t = 0.5l/vA Electron, t = 1l/vA
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[Klein et al, JPP, 2017]

• We applied the diagnostic tool FPC technique to PIC 
simulation TRISTAN data to identify dominant particle 
acceleration mechanisms in turbulence. 

• Preliminary results confirmed the importance of local 
FAC due to large-amplitude turbulent field. 

• FPCs from selected timeslices suggest possible iCD and 
eMRXN, though further evidence is needed. 
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