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70th Birthday

- Introduction
- Fiber laserand ascent toward 
100GeV and collider (and a tiny laser)
- Single-cycled laserandά TeVon a 
ŎƘƛǇέ

-bŀǘǳǊŜΩǎ ŦŀǾƻǊƛǘŜ ŀŎŎŜƭŜǊŀǘƛƻƴΥ  
cosmic wakefield

- Accelerator to our body     



Petawatt Particle AcceleratorsFermi PeV Accelerator

!ƭǎƻΣ CŜǊƳƛΩǎ ŎƻǎƳƛŎ ŀŎŎŜƭŜǊŀǘƛƻƴ όмфрпύΥ  ǎǘƻŎƘŀǎǘƛŎ ŀŎŎŜƭŜǊŀǘƛƻƴ



Plasma accelerator driven by beam/pulse

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

Coherent and smooth structure (not stochastic)

Plasma accelerator driven by laser (coherent photons) 

ă[FermiΩschallenge for PeVaccelerator]

compactificationby 103ς104 ( even by 106 ) >> conventional accelerators

enabled by lasertechnology (intense ultrafast lasercompression(Mourou et al.1985. 2013))

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



Acceleration by plasma wakewaves: History
Collective acceleration suggested:

Veksler(1956, CERN)

Driven by electron beam

(ion energy)~ (M/m)(electron energy)

Many experimental attempts

of plasma acceleration(~60ôs -ô70s, 

Rostokerôslab UCI included)

led to no such amplification

(ion energy)~ (2Ŭ+1)x(electron)Mako-Tajima (UCI) analysis (1978;1984)

sudden acceleration, ions untrapped,

electrons return, while some run away

Ÿ #1 gradual acceleration necessary

Ÿ Tajima-Dawson (1979, UCLA) wakefield

#2 electron accelerationpossible 

with trapping (with the Tajima-

Dawson field) with laser, more tolerant for       

sudden process

V. Veksler

J. Dawson Target Normal Sheath Acceleration 

laser-driven ion acceleration (LLNL,2000)

sudden acceleration, ions untrapped

N. Rostoker



Laser Wakefield (LWFA): 

Wave breaks at v cNo wave breaks and wake peaks at våc

Ŷ relativity

regularizes
(relativistic coherence)

Wake phase velocity >> water movement speed                Tsunami phase velocity becomes ~0,  
maintains coherent and smoothstructure causes wavebreakand turbulence

Relativistic coherence enhances beyond the Tajima-Dawson field E = mɤpc /e  (~ GeV/cm) 

Strong beam (of laser/ particles) drives plasma waves to saturation amplitude:  E = mɤvph /e 

vs



Laser-driven Bow and Wake

Bow Wave

Wake Wave

(Bulanov, Esirkepov)

Ponderomotiveacceleration

Wakefieldacceleration



The late Prof. Abdus Salam

At ICTP Summer School (1981), 
Prof. Salam summoned me and discussed 
about laser wakefieldacceleration.

Salam: óScientists like me began feeling 
that we had less means to test our theory. 

However, with your laser acceleration, 

I am  encouragedô.(1981)

He organized the Oxford Workshop 
on laser wakefieldaccelerator in 1982.

Effort: many scientists over many years to realize his vision / dream
High field science: spawned



70th Birthday

Ascent toward 100GeV and collier



Enabling technology: laserrevolution

G. Mourou invented Chirped Pulse Amplification(1985)
Laserintensity exponentiatedsince, 

to match the required intensity for Tajima-5ŀǿǎƻƴΩǎ LWFA (1979)
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Demonstration, realization, and applications of
laser wakefieldaccelerators
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(when 1D theory applies)

Theory of wakefield toward extreme energy 

In order to avoid wavebreak,
a0 <  ɔph

1/2 ,

where
ɔph = (ncr / ne )1/2
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ncr =1021 (1eV photon)
1029 (10keV photon) 

ne  = 1016 (gas)         1023 (solid)
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Collaboration

K. Nakajima
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State-of-the-art experiments 

K. Nakajima

1 ̟ Ąо˖Τ млǘƛƳŜǎ ŜƴŜǊƎȅΤ олǘƛƳŜǎ ǎƘƻǊǘŜǊ 



LMJ target chamber 

10m diameter

Experiment parameters

Energy gain [GeV] 100

Plasma density [1015 cm-3] 12

Accelerator length [m] 12

Normalized field a0 3

Spot radius [mm] 110

Pulse duration [fs] 500

Peak power [PW] 2.1

Pulse energy [kJ] 1

CEA-LMJ 

IZEST 100 GeVAscent Plan

K. Nakajima

at CEA-Bordeaux

PETAL laser

3.5 kJ, 500fs, 7 PW 

IZEST 100 GeVAscent 

Collaboration


