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Capturing structural changes of material with atomic spatial and temporal resolutions is of crucial
importance to the understanding of the relation between structure and functionality, and the ultimate goal
to control energy and matter [1]. For the past decades, ultrafast electron diffraction/microscopy
(UED/UEM) has been rapidly developing, aiming to provide the relevant length and time scales for
ultrafast science [2]. With the advent of high accelerating gradient radiofrequency photoinjector, high
brightness electron beam at mega-electron-volt (MeV) energy has become accessible for UED to reach
~1 A spatial resolution and ~100 femtosecond temporal resolution. In 2014, SLAC National Accelerator
Laboratory launched a UED/UEM initiative, aiming to provide the world’s leading ultrafast electron
scattering instrument using MeV electron beams. A prototypical MeV UED beamline was built and has
been evolving over the years [3]. Application of MeV electron beams also provides high flexibility for the
beamline to accommaodate various scientific samples, covering solid-phase, gas-phase, and liquid-phase
sample environments. A variety of pump laser wavelength options are also available, covering the
spectrum range from ultraviolet, visible, near-infrared, mid-infrared, to far-infrared. A great number of
successful ultrafast scientific results have been achieved at SLAC MeV UED in the regions of condense
matter physics, warm-dense matter physics, as well as chemical science [4], which paves the way towards
a multifunctional platform for ultrafast science. In 2019, SLAC MeV UED became an official user facility
and successfully launched the first user run which was focused on the fields of condense and warm-dense
matter physics. The second user run, which is focused on gas-phase experiments, will start from April
2020. In this talk, the multifunctional sample environment platform at SLAC MeV UED, as shown in Fig.
1, as well as selected ultrafast scientific results from each environment, will be presented. Research and
development efforts to further expand the capabilities of SLAC MeV UED will be discussed.
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Figure 1. Multifunctional sample environment platform at SLAC MeV UED. (a) condense matter pump-
probe UED. (b) single-shot warm-dense matter pump-probe UED. (c) Electric-field pump condense matter
UED. (d) gas-phase pump-probe UED. (e) liquid-phase pump-probe UED.
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