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Laboratory Experiment: 
Incoherent Wakefield Acceleration

GEKKO XII  Laser Plasma Experiment
Kuramitsu et al.  PoP (2011)
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Precursor Waves in Relativistic Shock

Relativistic Plasma Flow
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Relativistic Shock: Wakefield Acceleration
upstream（supersonic flow） downstream（sub‐sonic）
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Open questions after WFA in 1d shock

 Do precursor waves exist in multi‐dimensional 
system?

 Shock front is probably turbulent due to 
several plasma instabilities such as Weibel 
instability



Precursor waves in 2d relativistic shocks
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Precursor wave are persistent !

 Surprisingly, large-amplitude precursor waves 
can be generated in two-dimensional shocks 

← downstream upstream→

Electromagnetic precursor waves
by synchrotron maser instability

plasma flow

Weibel Instability due to incoming & 
reflected ions (temperature anisotropy )

4
Ω
Ω

3 10



 dependence of precursor waves: 
both in-plane & out-of-plane cases

Iwamato+, ApJ 2018

Strength Parameter:
/



WFA in 2d p+-e- shock (preliminary)
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Possibility of Ion Acceleration ?
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Our proposal:
If GeV protons were 
injected into upstream, 
the protons could be 
accelerated as well … 



Summary
• Precursor waves are persistently excited 

in 2d relativistic shocks
• Electron acceleration can be confirmed in 

incoherent wakefield
• Possibility of ion acceleration  
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