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Recent experiments [1] have demonstrated laser wakefield acceleration (LWFA) of quasi-monoenergetic elec-
tron bunches with energy up to 5 GeV, bunch charge up to tens of picocoulombs, and beam divergence down
to milliradians using 20 cm long, low density ionization-injected plasma waveguides [2] using 240 TW peak
power laser drive pulses. We present 3D particle-in-cell simulation results that expand the technique used
in [1,2] to a longer (40 cm) low density plasma waveguide with the added features of a density up-ramp to
mitigate dephasing and a narrowed (4 mm) injection section, demonstrating ~12 GeV electron beam with a
charge of 8 pC and <20% energy spread. We also present results using the same laser parameters, delivering
a 10X higher bunch charge of 83 pC in a quasi-monoenergetic 5 GeV beam with <5% energy spread. Such
LWFA modules are key to the development of a multi-stage electron accelerator.
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