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FACET-II is a national user facility that offers a unique capability for developing advanced acceleration and
coherent radiation generation techniques using high-energy electron beams. In this talk, we will present the
latest results from plasma wakefield acceleration (PWFA) experiments at FACET-II, focusing on the following
topics. First, we provide evidence of energy depletion of the 10 GeV drive beam and efficient energy transfer
from the beam to the wake, in both beam-ionized and laser-preionized plasmas, which is a crucial stepping
stone towards achieving high energy transfer efficiency from the drive to the witness bunch in the ultimate
two-bunch PWFA configuration. We will also show examples of machine-learning-enabled beam tuning to
increase drive beam density, thereby enhancing energy transfer efficiency. Next, we present results on gen-
erating high-energy, low-emittance beams via downramp and ionization trapping in PWFA. Using density
downramp injection, we achieve the generation of electron bunches exceeding 20 GeV with small energy
spread and emittance. Additionally, we show the generation of multi-GeV, multi-color electron beams via
ionization injection, resulting from periodic injection induced by betatron oscillations of the drive bunch. Fi-
nally, we will discuss the first experimental attempts at beam matching to a lithium density upramp and share
preliminary results from the two-bunch PWFA experiment.
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