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Plasma accelerator driven by beam/pulse

Collective force ~N2 (nonlinear ç linear force ~N)

Coherent and smooth structure (not stochastic)

Plasma accelerator driven by laser (coherent photons) 

compactification by 103 – 104 ( even by 106 ) >> conventional accelerators

enabled by laser technology (intense ultrafast laser compression (Mourou et al.1985. 2013))

[particle beam-driven case: similar (if a bit lower)]
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Collective acceleration suggested:

Veksler (1956, CERN)
Driven by electron beam
(ion energy)~ (M/m)(electron energy)

Many experimental attempts
of plasma acceleration (~60’s -’70s, 
Rostoker’s lab UCI included)

led to no such amplification
(ion energy)~ (2!+1)x(electron) Mako-Tajima (UCI) analysis (1978;1984)

sudden acceleration, ions untrapped,
electrons return, while some run away
" #1 gradual acceleration necessary

" Tajima-Dawson (1979, UCLA) wakefield
#2 electron acceleration possible 

with trapping (with the Tajima-
Dawson field) with laser!"more tolerant for       
sudden process

!"#!$%&'$(

)"#*+,&-. Target Normal Sheath Acceleration 
laser-driven ion acceleration (LLNL,2000)
sudden acceleration, ions untrapped
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! relativity
regularizes

(relativistic coherence)
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Relativistic coherence enhances beyond the Tajima-Dawson field E = m!pc /e  (~ GeV/cm) 

<.2+4=%8$"3%>+?%*"($2 @%&"2.-,*$(A%52-)$(%&*"(3"%1")$(%.+%(".72".-+4%"3&*-.75$B%%E = m!vph /e 
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The late Prof. Abdus Salam
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(909*: ‘Scientists like me began feeling 
that we had less means to test our theory. 
However, with your laser acceleration, 
I am  encouraged’. 123425
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Enabling technology: laser revolution

G. Mourou invented Chirped Pulse Amplification (1985)
Laser intensity exponentiated since, 

to match the required intensity for Tajima-Dawson’s LWFA (1979)
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X-ray LWFA in a tube vs. uniform solid

X. Zhang et al. (2016)

in nanotube

uniform solid

A few-cycled 1keV X-ray pulse (a0 ~ O(1)), causing 10TeV/m wakefield in the tube
more strongly confined in the tube
cf:  uniform solid
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Nature’s LWFA : Blazar jets
extreme high energy cosmic rays (~1021 eV)
episodic γ-ray bursts observed

consistent with LWFA theory

Ebisuzaki-Tajima (2014)

Fermi’s ‘Stochastic Acceleration’
(large synchrotron radiation loss)

ê

Coherent wakefield acceleration
(no limitation of the energy)



 
  

Tajima and Gilden 1987, ApJ 320, 741-745
Haswell, Tajima, and Sakai, 1992, ApJ, 401, 
495-507

A Burst of Electromagnetic Disturbance

Workshop on Beam Acceleration in Crystals 
and Nanostructures, 24-25, June 2019 2019/7/19 19
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BH Astronomy with Ultra High Energy Cosmic-rays

ULXS



Conclusions
• Demonstrated:  ultrafast pulses, coherent collective 

(robust)  wakefield (GeV/cm) excitable.  
• Thin-Film Compression (TFC)  
• Single-cycled laser à single-cycled X-ray laser 
• Wakefield in nanostructure (TeV/cm): accessible
• Wakefield: Nature’s accelerators favored for EHECR, 

gamma ray bursts and neutrinos from Blazars
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