
 

Team harnesses intense X-ray beam, observes
unusual phenomenon for the first time

August 31 2015

Using an enormous X-ray laser—one of only two such machines on
Earth—University of Nebraska-Lincoln physicist Matthias Fuchs and
scientists from around the world beat formidable odds to observe one of
the most fundamental interactions between X-rays and matter.

The findings can aid future studies and may lead to novel new ways to
diagnose matter in the future.

Fuchs and his colleagues induced two X-ray photons to simultaneously
collide with a single atom, which converts them into a single higher-
energetic X-ray photon. It's a phenomenon that doesn't occur under
normal circumstances, and the results of the first-ever experiment were
published Monday in the journal Nature Physics.

Fuchs, an assistant professor of physics and astronomy, is the article's
lead author. Others involved are from the Stanford Linear Accelerator
Center, Stanford University and Bar-Ilan University in Israel.

"The experiment was the very first investigation of this kind, which
means that we were entering what you would call 'Neuland' (German for
uncharted territory)," Fuchs said.

Scientists first observed a similar process involving high-intensity visible
light in the 1960s, resulting in a technology used in most laser
laboratories and even with many laser pointers available to consumers.
However, it had not been possible until recently to observe such
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interactions at X-ray wavelengths because there was no X-ray source that
could produce X-rays of sufficient intensity.

Because they have a small wavelength that allows scientists to resolve
matter down to the size of its constituent atoms, X-rays are routinely
used to take a "deep look" into matter, Fuchs said. The double-helix
structure of DNA was one of the most famous discoveries using X-rays.
The field of X-rays has generated at least 15 Nobel Prizes and as many
as 28, if discoveries that indirectly use X-rays are counted.

Fuchs and other team members used a new source of X-rays, an X-ray
free-electron laser at the National Accelerator Laboratory in California,
to conduct experiments. Measuring more than a kilometer in length, the
only other machine like it is in Japan.

Focusing the machine's full output into a spot of only 100 nanometers in
size, the team generated an X-ray beam with intensity equivalent to all of
the sun's radiation that is striking the Earth's surface but concentrated in
an area with the diameter of a human hair.

"We needed such extreme intensities to improve the chances of both of
the two photons meeting up at exactly the right place and exactly the
right time on one of the many atoms that were illuminated," Fuchs said.
"Even so, the probability that this nonlinear interaction occurs on any
given atom is less than winning the lottery."

The scientists found some unexpected results, however. The energy of
the converted photons was much lower than expected, indicating that the
physics of the interaction may be richer and more interesting than
anticipated.

One scientist who anonymously reviewed the research said that when the
phenomenon becomes better understood, it will become a part of

2/3



 

textbooks on X-ray physics and nonlinear optics.

"This experiment is just beginning," Fuchs said. "If our new
understanding of this fundamental process can be confirmed by future
experiments, it can have significant impact on future experiments that
are performed with high X-ray intensities and can lead to novel
diagnostic methods of matter."

  More information: Anomalous nonlinear X-ray Compton scattering, 
Nature Physics, DOI: 10.1038/nphys3452
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