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Abstract

We present a modified spatial decoding measurement system based on an electro-optical effect for measurements of
electron bunch length and timing from laser wakefield accelerators. The EO crystal was placed very close to the exit of
the plasma, where the front of the electric field of an electron bunch cannot be treated as plane. We derived a modified
formula for converting the spatial displacement to time. The formula was confirmed with an experiment. The pulse length
of laser accelerated electron beams was measured with this technique and was 42 um (140 fs). This value is limited by
the electron energy and can be improved with a higher energy than 100 MeV. The timing between a pump laser and
electron beams can be measured with this technique to better than 22 fs, which is the resolution limit of the evaluation

method.
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Figure 1: EO measurement setup.
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Figure 2: Calculated electric field (E,) distributions of an
electron with the energy of 30 MeV born at x=0 mm at t=0
at (a) t=3.3 ps (1 mm), (b) t=3.3 ns (1 m) and (c) t=33 ns
(10 m).
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Figure 3: Geometry of the spherical front of the electric
field by an electron at the exit point, the plane wave front
of a probe laser pulse, and the EO crystal.
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Figure 4: Measured EO signals at various time delays (a)-
(d). The relationship between the displacement on the
detector and the probe delay (e).
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Figure 5: Measured EO signals by the electron bunch at
various gas pressures.
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