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Motivation

Laser wakefield accelerator (LWFA): a more compact and less expensive electron
accelerator gives shorter electron bunch duration and lower emittance compared
to conventional rf accelerators

Self-injection: perhaps the most basic and simplest mechanism of electron
injection into wakefield

Previous study: only one snapshot can be taken from one interaction process
— affected by shot-to-shot fluctuations of a high-power laser system

To have a better understanding of the self-injection dynamics in bubble regime: a
burst shot imaging technique which can catch multiple frames from one single
interaction process with preserved temporal and spatial resolution is desired

LWFA in bubble regime: a drastically change of the weakfield amplitude can
happen before and after the injection, which is a good scenario to test our new
burst shot imaging technique

Few-cycle femtosecond NIR optical pulse generation

* Schematic of the setup for few-cycle
probe generation [3]
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Resulting NIR ultrafast probe laser
pulse (central wavelength @ 800 nm)
with a duration < 4 fs (FWHM) and
an energy ~300 w

Ultrafast microscopic burst shot imaging setup
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Spectral filtering to recover the temporal resolution
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Preliminary results: temporal resolution

Effective temporal resolution .
of a linearly chirped probe
pulse after filtering !
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Proposed by Tajima and Dawson in 1979 (1l
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Laser Wakefield Acceleration

A high-intensity laser pulse (> 1018 W/cm?) propagates through an underdense plasma, the
ponderomotive force of the laser pulse expels electrons from high intensity region, forming
periodic charge separation, so-called laser wakefield

This charge separation gives an extremely high longitudinal electric field
(> 100 GV/m @ n,~10%% cm™3)

Background electrons can be injected and accelerated by this longitudinal electric field to very
high energy (~GeV) over a short distance

3D PIC simulation of LWFA process including a
few-cycle probe, imaging optics and detector 4
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Shadowgram is formed mostly in the center part.

High plasma density gradients & short pulse
duration — high contrast of the probe image
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1.74 pm/line (Abbe limit @ 800 nm: 1.54 um)

lllustration of LWFA in
the bubble regime [2:
T, = 29 fs (FWHM),
wy = 10 um,

a, = 4,

Ne = OOOSnC (He plasma)
~8.75% 1018 cm™3 @ 800 nm

Experimental shadowgrams at various positions
in a He plasma: n, = 1.65 x 10*° cm™3, pump
pulse ay = 1.7 P
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Preliminary results

* Electron beam pointing:

* Averaged over 30 shots
e Plasma density: ~7 x 108 cm™3
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 Temporal resolution only
preserved @ 800 nm
* Possible reason: higher order
spectral phase caused the
temporal resolution loss
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