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Structural dynamics and light induced 
phases in quantum materials
• VO2 phonon dispersion (Wall et al)
• High rep-rate + weak excitation
• Avoids multiphonon states
• Target excitation with THz pump
• X-ray pump to improve overlap

Magnetic materials and control of 
ultrafast magnetisation
• Hard X-ray RIXS (Dean et al)
• Wide access to Q-space
• Pulsed magnetic field (50T/ms)
• Target excitation with THz
• Ultrafast de/magnetization
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Time Resolved Pair Distribution Functions
• PDF of FeSe superconductor (Koch et al)
• Local changes far above phase trans
• Need high energy X-rays (50keV?) 
• X-ray pump to improve overlap?

Imaging Dynamics in Nanomaterials
• Bragg coherent diffraction imaging
• Au NP breathing (Clark et al)
• Split/delay to see fast changes
• Ultrafast electronics for QIS
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This is the most recent progress report for experiment “Pump probe of gold nanocrystals” (No. L477) that
was performed in November 2011 at the X-ray pump probe (XPP) instrument at the LCLS.
The experiment was performed over 5 12 hour shifts. Gold nanocrystals were excited (“pumped”) using an
optical laser after which coherent X-ray pulses from the LCLS were used to probe the subsequent transient
process by recording the Bragg diffraction from individual nanocrystals (Fig. 1 a&b). By altering the delay
between the “pump” and the “probe” the entire process can be recorded over femto- and pico-second time
scales. Two data sets were recorded, the first was a fine time step series (10 ps steps) recording the Bragg
peak as a function of delay time which reveals the generation and evolution of coherent acoustic phonons
within the nanocrystal through the Bragg peak shift (Fig. 1 c). The second data sets that were collected
were 3D diffraction patterns for selected times which could then be inverted to real space images using
phase retrieval (Fig 1 d). The images are sensitive to the displacement field within the nanocrystal which
has allowed us to image, for the first time in 3D, coherent acoustic phonons. A paper titled “Ultrafast three
dimensional imaging of lattice dynamics in gold nanocrystals” has been submitted to Nature (submitted
January 2013). The key findings from the paper are summarised in the figure below showing the data before
(a) and after pumping (b) and the Bragg peak position as a function of delay time (c) and the recovered
images (Fig 1 d Experiment) showing the coherent acoustic phonons compared to theory (Fig 1 d Theory)
and molecular dynamics simulations (Fig 1 d Simulation). Overall the experiment was a success.

Figure 1: LCLS pump-probe results. a) The Bragg peak from an individual nanocrystal immediately
before being pumped with an optical laser. b) The same Bragg peak as in a) but at a delay time of +60
ps. The peak has become distorted due elastic strain gradients generated from acoustic phonons. c) The
Bragg peak position shift as a function of delay time. The Bragg peak shift can be modelled approximately
as a harmonic oscillator with two modes (red line). d) The 3D diffraction patterns that are recorded can
be inverted using phase retrieval to yield images of the displacement within a single nanocrystal, shown
here as orthogonal cuts for the LCLS experiment (Experiment, at a delay of +110 ps) clearly illustrating
the presence of acoustic phonons. This is compared to what is expected from continuum elasticity theory
(Theory) as well as molecular dynamics simulations (Simulation). Good agreement can be seen between
all three. The scale bar is 100 nm except for the simulation which is 11 nm.
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Photon hungry experiments
Space charge challenge

Require unique X-ray capabilities:
combination of high repetition 
rate, low energy pulses, transform 
limited narrow bandwidth, soft 
and hard X-ray energies (0.3 – 15 
keV)

K. Medjanik, … G. Schoenhense et al., 
J. Synchrotron Rad. 26, 1996 (2019). D. Kutnyakhov, … W. Wurth et al., Rev. Sci. Instrum. 91, 013109 (2020).

access to electronically relevant time scales 
will allow us to probe electron dynamics in real time
delivering a full dynamic picture of the electronic behaviour

unprecedented insights into quantum materials for electronic 
applications enabling the conceptualisation and development 
of truly novel device concepts


