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motivation — high-energy e acceleration — self-guiding laser
matched regime — optimum ?

mismatched regime — high-energy / high-quality / high-
efficiency beam production ?

adjusted a, model — answers some questions ?
optical shock excitation - over narrow density range
laser-plasma interactions & beam property - evolution

Summary
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Matched regime of nonlinear plasma wave

laser ponderomotive force balanced by nonlinear plasma response

matched C
laser waist size & W(Q = 2\/ ag N — Rbubble
pe

bubble radius

2 Ne

energy gain in AE [m 62] ~
e ~
3 T

matched regime

Lu, W., Tzoufras, M., Joshi, C., Tsung, F. S., Mori, W. B.,
Vieira, J., Fonseca, R. A., Silva, L. O., Generating multi-
GeV electron bunches using single stage laser wakefield ac-
celeration in a 3D nonlinear regime Physical Review Spe-
cial Topics - Accelerators and Beams 10, 061301 (2007),
doi:10.1103/PhysRevSTAB.10.061301.
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Gemini expt. data — electron acceleration

Self-guided laser regime

Kneip, S., et. al., Near-GeV Acceleration of FElec-

trons by a Nonlinear Plasma Wave Driven by a Self-

Guided Laser Pulse, Phys. Rev. Lett. 103, 035002 (2009),
doi:10.1103/PhysRevLett.103.035002.

f /20 optics at 5.5 x 10®¥cm ™2, &, = 10J, a0 = 3.9

A€ eq.2 : < 510 MeV
peak expt. AE : 800 MeV

Aug 2015 /40 data
f /40 optics at 2 x 1018cm_3, Er, =10J,a9 ~ 1.9

A€ eq.2: <1 GeV
peak expt. AE : 2.2 GeV

large degree of mismatch !
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Strongly mismatched regime

Aug 2015 /40 data expt. parameters

&L, FWHM-T,, ~ 10 J, 49 fs

Pr, ~ 200 TW

wo—y (y-axis) 37.4 um

wo—_» (z-axis) 44.2 pm

peak ag (coupled) ~1.9

Agpeak 2.2 GeV

no (peak energy) 2 —3x 10 ¢cm™3
P, 18.3 —12.2 TW

f /40 optics at 2 x 10®%cm ™2, ag = 1.9
wo(matched) = 10.3um
wo(expt.) = 37.4um

f/20 data expt. Parameter mismatch
f/20 optics at 5.5 x 10®¥cm ™, ag = 3.9
wo(matched) = 8.95 um
wo (expt.) = 19.0 um

strong mismatch between laser envelope & plasma response
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Wo—m
based on laser pulse envelope being squeezed to the matched spot-size
2015 /40 data 2008 1/20 data
f /40 optics at 2 x 10%cm ™, £, = 10J,a9 ~ 1.9 f/20 optics at 5.5 x 10®¥cm ™3, &, = 10J,a9 = 3.9
A€ eq.2: <1 GeV A€ eq.2 : < 510 MeV
peak expt. A€ : 2.2 GeV peak expt. AE : 800 MeV
A€ [ap(adj) = 7.4] : 2.2 GeV A€ [ag(adj) = 8.3] : 957 MeV

slightly better match to max electron energies
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based on laser pulse envelope being squeezed to the matched spot-size
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adjusted a, model

why is there an optimum density range over which the model predicts
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o 2D PIC simulations
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o Optical shock excitation

each laser field surge event - optical shock excitation
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Dis-balanced Ponderomotive Forces

optical shock excitation = imbalanced pond. forces
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Wavelength and a,
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electron beam properties

Evolution of peak electron Lorentz factor
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160

140

bunch transverse properties at ~ 2GeV
—> due to elongating bubble injection
> rms transverse-size ~ 150 nm

-> rms angular-size ~ 100 yrad

—> geometric emittance ~ 10> mm-mrad

700 K [ ~——— rms beam angle < 90% 7,

e - norm. emittance ~ 0.1 mm-mrad

600 / 4 4100

500

- beam exiting the plasma undergoes
emittance reduction in exit ramp

100

300

gle (urad) within 90% of peak energy

200

rms an
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matched spot-size — NOT easy to experimentally achieve Gaussian spot

plasma-wave transverse profile distorted — due to laser hot-spots or non-
uniformities — not good for sustained acceleration

strongly mismatched regime — possible to achieve high-energy multi-GeV
beams — here peak-energy > 2GeV

Optical shock excitation — slicing up of the laser pulse due to its envelope
dynamics

elongated bubble — driven by optical shock state — high peak electric field
and longer de-phasing lengths

Injection scheme based on elongating bubble — high-quality bunch
emittance < 0.1 mm-mrad

mismatched regime — more injection events — higher total efficiency —
laser to energetic particles




