
 

First movies of droplets getting blown up by
x-ray laser
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This illustration shows how an ultrabright X-ray laser pulse (orange beam)
vaporizes part of a liquid jet (blue), creating umbrella-shaped films of liquid and
sending shock waves through the jet (bright stripes at top and bottom). (SLAC
National Accelerator Laboratory)
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Researchers have made the first microscopic movies of liquids getting
vaporized by the world's brightest X-ray laser at the Department of
Energy's SLAC National Accelerator Laboratory. The new data could
lead to better and novel experiments at X-ray lasers, whose extremely
bright, fast flashes of light take atomic-level snapshots of some of
nature's speediest processes.

"Understanding the dynamics of these explosions will allow us to avoid
their unwanted effects on samples," says Claudiu Stan of Stanford
PULSE Institute, a joint institute of Stanford University and SLAC. "It
could also help us find new ways of using explosions caused by X-rays to
trigger changes in samples and study matter under extreme conditions.
These studies could help us better understand a wide range of
phenomena in X-ray science and other applications."

Caught on Camera: X-ray Laser Makes a Splash

Liquids are a common way of bringing samples into the path of the X-
ray beam for analysis at SLAC's Linac Coherent Light Source (LCLS), a
DOE Office of Science User Facility, and other X-ray lasers. At full
power, ultrabright X-rays can blow up samples within a tiny fraction of a
second. Fortunately, in most cases researchers can take the data they
need before the damage sets in.

The new study, published today in Nature Physics, shows in microscopic
detail how the explosive interaction unfolds and provides clues as to how
it could affect X-ray laser experiments. 

Stan and his team looked at two ways of injecting liquid into the path of
the X-ray laser: as a series of individual drops or as a continuous jet. For
each X-ray pulse hitting the liquid, the team took one image, timed from
five billionths of a second to one ten-thousandth of a second after the
pulse. They strung hundreds of these snapshots together into movies.
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"Thanks to a special imaging system developed for this purpose, we were
able to record these movies for the first time," says co-author Sébastien
Boutet from LCLS. "We used an ultrafast optical laser like a strobe light
to illuminate the explosion, and made images with a high-resolution
microscope that is suitable for use in the vacuum chamber where the X-
rays hit the samples."

The footage shows how an X-ray pulse rips a drop of liquid apart. This
generates a cloud of smaller particles and vapor that expands toward
neighboring drops and damages them. These damaged drops then start
moving toward the next-nearest drops and merge with them.

In the case of jets, the movies show how the X-ray pulse initially
punches a hole into the stream of liquid. This gap continues to grow,
with the ends of the jet on either side of the gap beginning to form a thin
liquid film. The film develops an umbrella-like shape, which eventually
folds back and merges with the jet.

Predicting Future Challenges and Opportunities

Based on their data, the researchers were able to develop mathematical
models that accurately describe the explosive behavior for a number of
factors that researchers vary from one LCLS experiment to another,
including pulse energy, drop size and jet diameter.

They were also able to predict how gap formation in jets could pose a
challenge in experiments at the future light sources European XFEL in
Germany and LCLS-II, under construction at SLAC. Both are next-
generation X-ray lasers that will fire thousands of times faster than
current facilities.

"The jets in our study took up to several millionths of a second to
recover from each explosion, so if X-ray pulses come in faster than that,
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we may not be able to make use of every single pulse for an
experiment," Stan says. "Fortunately, our data show that we can already
tune the most commonly used jets in a way that they recover quickly,
and there are ways to make them recover even faster. This will allow us
to make use of LCLS-II's full potential."

The movies also show for the first time how an X-ray blast creates shock
waves that rapidly travel through the liquid jet. The team is hopeful that
these data could benefit novel experiments, in which shock waves from
one X-ray pulse trigger changes in a sample that are probed by a
subsequent X-ray pulse. This would open up new avenues for studies of
changes in matter that occur at time scales shorter than currently
accessible.

  More information: Liquid explosions induced by X-ray laser pulses. 
DOI: 10.1038/nphys3779
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