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Laser field distribution

Field distribution of TEM10 + TEM01 mode laser

Electron confinement by 
transverse ponderomotive force

Electron acceleration by 
longitudinal electric field
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Acceleration mechanism

Phases of acceleration and deceleration

Ponderomotive force: ~exp[2i(kz-ωt)]

Longitudinal electric field: ~iexp[i(kz-wt)]
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Simulation model & 
Parameter values

Pre-accelerated electron beam 
parameter values

Initial density: ni=1012 (cm-3)

Initial energy: γi～6

Laser parameter values

Intensity: a0 = eE0/(meωc) ~ 5

Wavelength:λ=0.8 (μm)

Spot size: w0= 15λ (FWHM)

Pulse length: Lz=5λ(FWHM)
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Single electron acceleration
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Single electron acceleration

Acceleration by 
longitudinal electric field
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Electron bunch acceleration

Electron density distributions
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Normalized transverse rms
emittance: 0.472 (π mm mrad)

Bunch size
Transverse: 16.5λ
Longitudinal: 6.43λ

Averaged energy: ~31.7 (MeV)

Electron bunch acceleration
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Electron bunch acceleration

Energy spectrum of electrons accelerated
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Electron energy estimation
Longitudinal electric field at the central axis
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Electron energy estimation 
and parameter study
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Conclusions

High energy density electron beam generation by 
intense short pulse laser

Electron confinement by transverse ponderomotive force

Electron acceleration by longitudinal electric field

Generation of high-energy & high-density electron bunch 

Low energy spread (<10 %) 

Scaling law of maximum electron energy
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