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Superfluid helium droplets do not rotate as a solid body; instead, the droplet’s rotation is manifested through
the presence of quantized vortices. The vortices have a diameter of ~2 Å and their detection remain an out-
standing experimental problem. Here, we report on X-ray coherent diffraction imaging of free, single, rotating
superfluid 4He droplets (diameter D = 200 - 2000 nm, temperature T = 0.4 K) using the Linac Coherent Light
Source at SLAC. The droplets were doped with xenon atoms, which trace the vortex cores and serve as a con-
trast agent for imaging. The instantaneous positions and shapes of the vortices from the diffraction images
were obtained using a phase retrieval algorithm developed in our laboratory at USC. In the first part of this
contribution, we present an overview of the observed vortices in droplets of different sizes and shapes. Addi-
tionally, we found that doping by a large number of xenon atoms may influence the kinematics of vortices.

In the second part, we report on diffraction patterns collected from very large droplets, D>2000 nm, that
are produced from the breakup of a liquid helium jet in vacuum. In contrast to the usual concentric rings
in smaller droplets, the diffraction patterns in very large droplets show characteristic lobed structures that
resemble surface harmonics. While further analysis is needed, we temporarily assign these unusual intensity
distributions to large amplitude shape oscillations in the droplets.

Quantum vortices and shape oscillations are global excitations in superfluid helium droplet, which currently
can only be accessed through coherent diffractive imaging at x-ray free electron lasers (XFEL). Accordingly,
XFELs emerge as powerful tools for investigating the manifestations of superfluidity in finite sized systems.
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