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UCLA
NEPTUNE Laboratory: What is it?

High-Gradient acceleration

by
Laser-Driven Plasma Waves
Beam-Driven Plasma Wakes
EM Laser Field in Vacuum

Goals:
a) Acceleration of injected, high-current beam in PBWA, IFEL.                    
b) Electron microbunching: chicane, IFEL, plasma klystron etc. for   
phase-locking technologies and monoenergetic plasma accelerators. 
c) Beam-physics studies: advanced manipulation of phase-space.
d) Light-source experiments.
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The Neptune Lab for Advanced 
Accelerator Research
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UCLA
Neptune TW CO2 Laser System 
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UCLA
Layout  of  Experimental Area
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• 1 TW CO2 Laser  
Energy ~ 100-200 J       
Pulse Length ~ 150 ps   
λ1=10.3 µm λ2=10.6 µm 
I ≈ 6 x1014 W/cm2 

• Electron injector              
e-bunch - 1-5 ps 
Emittance - 5 mm mrad 
Energy ~ 12 MeV ±0.3%   
Charge ~ 200 pC                                   

Electron Spectrometer

532nm 

~1mJ KDPcrystal CO2 beam



Determenistic psec timing between 
Linac and CO2 laser pulse

UCLA

The same optical pulse (after storage for 300 round trips) is 
used for e- production and for CO2 slicing.

0.5 km fiber
Nd:YAG cw mode-
locked master oscillator

Nd:Glass Regenerative
Amplifier

Optical 
Delay

10.3 µm
10.6 µm pulse to experiment 

RF Gun38.08 ΜHz f x 75=2.856GHz S-Band RF

Nd:YAG Regenerative
Amplifier

Semiconductor
Switch

E-bunch
to experiment

100 ps

25 mJ
CO2 Master 

Oscillator

Picosecond timing is set via cross-correlation measurements.



Sub-100 ps synchronization between 
CO2 laser and e-bunchUCLA
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Two-Step Procedure:

} Total uncertainty of sinchronization -

Step 1 - Cross-correlation between 
photons and electrons using an 
unamplified 150 ps CO2 laser pulse.

Cross-correlation  accuracy - better 10 ps

± 20 psStep 2 - Compensation of delay in 
active medium of the MARS high-
power amplifier.
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1.3 GeV/m x 0.03 m

ω1- ω 2= ωplasma 10.3 µm - 10.6 µm=340 µm or ≈1 THz
Injection of an electron beam into a relativistic plasma wave driven by laser beatwave
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S. Tochitsky et al, PRL, March, 2004

Plasma Beatwave Acceleration 
Program at Neptune 



UCLA Neptune 10-µm IFEL experiment
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5% of electrons trapped and increased kinetic energy from 14.5 to 
>35 MeV; Energy gain  >20 MeV over 25 cm

P. Musumeci et al, (to be submitted)



UCLAUCLA
Future Experiments 

! Modulation of the electron beam on the scale 100-500 fs
by using: chicane compression, IFEL microbunching, 
laser beatwave ponderomotive microbunching. 

! Injection of a prebunched tightly focused electron beam in 
a relativistic plasma beatwave for matched acceleration. 

! Longitudinal electron beam shaping and compression using 
the S-bahn. 

! Production of polarized X-rays via Compton scattering 
process.

! Generation of high-power THz radiation. 
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