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FRB121102 [Michikki+ 2018]

 

[Lorimer+ 2007]

✔  
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Fast Radio Burst (FRB)

 

Dispersion Measure
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Brightness Temperature
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Petroff+ 2022
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Coherent Emission

 
 

Incoherent Emission

 

 

 

 

  



✔  
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Magnetospheric Model
E.g., Katz 2016, Kumar+ 2017, Yang & 
Zhang 2018, Lu+ 2018; 2020, Wang+ 2020

Lu + 2020
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Shock Model

✔  

 

[Metzger+ 2019]

 

 [Beloborodov 2020]
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e.g., Lyubarsky 2014, Waxman 2017, Beloborodov 
2017; 2020, Metzger+ 2019, Margalit+ 2020
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Intuitive Explanation
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✔ Electrons begin to gyrate at the shock front
→induce SMI (Hoshino & Arons 1991)

✔ Many kinetic simulations demonstrate the 
electromagnetic wave emission via the SMI (e.g., 
Gallant+1991, Hoshino+ 1992)
→Relativistic collisionless shocks are natural 
resources of coherent emission
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SMI in Relativistic Collisionless Shocks
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←Downstream Upstream→

[Plotnikov & Sironi 2019]

Plasma flow
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[Hoshino & Arons 1991]



Plotnikov& Sironi 2019✔  
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SMI in 1D Pair Shocks e.g., Gallant+ 1991, Hoshino+1992, 
Amato & Arons 2006, Plotnikov& Sironi 2019
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SMI in Multi-dimensional Pair Shocks

 

2024/10/2 8

Iwamoto+ 2017

Weibel 
Instability

Plotnikov& Sironi 2019
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Iwamoto+ 2018

 

 

 

✔  
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O-mode Wave Excitation

Upstream

 

 

SMI

 

Shock transition
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Latest 3D Simulations of Pair Shocks
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✔  
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SMI in Ion-electron shocks
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✔ First-principles method for collisionless plasmas

✔ Basic equations

− Equation of motion (Lagrangian)

− Maxwell equations (Eulerian)

✔ numerous number of charged particles→high computational costs
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Particle-in-Cell(PIC) Simulation
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Numerical Setting

reflecting 
wall 

 

 

 

shock front 

downstream  upstream 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Global Shock Structures
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✔  
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Emission Efficiency
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Wakefield

EM wave
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Wakefields (E-field)
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Stimulated/induced Raman scattering
photon → photon + plasmon

    =wakefield
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[Iwamoto+ 2019]

Ion-Electron Coupling in Upstream

Free energy↑

emission↑

Electric field↑
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Wave intensity

Wakefield

Electron 
velocity
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✔  
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Polarization
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[Luo+ 2020]

✔ O-mode waves are excited after the AIC instability sufficiently perturbs 
the ambient magnetic field　
→ O-mode waves lag behind X-mode waves

✔ Polarization Angle (PA) fluctuates after the O-mode wave excitation
→origin of PA swings? 
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Fluctuations of Polarization Angle

Early phaseO-mode excitation due to AIC
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✔  
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Peak Frequency
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Implication for FRBs

Emission 
Efficiency 

☓ ◯

Polarization ◯ ◯

Peak Frequency ◯ △
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✔  
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Summary & Future Work
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Back up
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✔  
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Weibel instability

24

[Kato 2007]

 

 

plasma flow
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✔  
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Nonthermal Particles

Downstream Upstream
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Trajectory of Nonthermal Electron
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Guiding center
Plasma flow
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Picked up by plasma flow

Oscillation inside wakefield

red：nonthermal
gray：thermal
Black: theory

 

 

downstream



Filamentation Instability
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density

EM wave

wave front Ponderomotive force

 

Transverse modulation instability (four-wave coupling)

(Kaw+ 1973; Sobacchi+ 2020;2022;2023)
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✔  
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Injection into Pickup Process
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2. Wakefield acc.

3. Picked up
 1 2 3 
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Maximum Attainable Energy

 

 



✔  
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Acceleration Time

 Downstream  



✔  
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Summary: Particle Acceleration
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