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Researchers make temporary, fundamental
change to a material's properties

September 23 2014, by Paul Piwnicki

Short x-ray probes are already being tested today in the 'laser smelting works' of
the FEMTO experiment at PSI. In the photo the researchers Paul Beaud (left)
and Urs Staub. Credit: Paul Scherrer Institute/Mahir Dzambegovic

Aided by short laser flashes, researchers at the Paul Scherrer Institute
have managed to temporarily change a material's properties to such a
degree that they have — to a certain extent —created a new material. To
monitor these changes, they used very short flashes of x-rays generated
by the x-ray laser, LCLS, in California. With these x-ray flashes they
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scanned the material and gained insight that could help in the
development of materials for more high-performance electronic devices.
Experiments like the ones with LCLS will be possible at PSI with the
entry into service of the x-ray laser SwissFEL at the end of 2016. For
researchers at PSI, the studies in the USA are an opportunity to gain
experience that can then be used in setting up the experimental
workstations at SwissFEL.

At present, only two such x-ray lasers exist in the world. To conduct
experiments there, researchers must apply for time to do so, and
successfully compete with many others from around the globe. PSI
researchers have already carried out diverse experiments in both
facilities. They also benefit from the experience gained at the Swiss
Light Source (SLS) at PSI. While the SLS is not an x-ray laser, it can
generate very short, albeit much weaker, flashes of x-ray light. Some
more simple experiments similar to those with an x-ray laser can be
conducted at the SLS.

New material generated for just a short time

Materials can have very different properties. For instance, some are
good electrical conductors, whilst others are good insulators, some are
magnetic, others aren't. These properties are determined by the
behaviour of the particles from which the material is made, and in some
cases, by how electrons are arranged inside the material, and whether or
not they can move. If you change the electrons' freedom of movement,
you can also change the material's properties. In co-operation with
scientists at ETH Zurich, the University of Tokyo and the research lab
SLAC 1in Stanford (California), PSI researchers conducted an
experiment on the material Prj sCa, sMnO;, where additional energy was
injected into electrons with the help of a very short laser pulse.
Electrons, which were almost all firmly bound to specific atoms, were
then able to skip from atom to atom. The material transformed to a
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certain extent from an isolator into a metal. "We practically created a
new material which doesn't occur in this form in nature," explains Urs
Staub, a physicist at PSI. "This material, i.e. this new state, only exists
for a very, very short period of time. But there is still enough time to
investigate its properties."

The principle of the experiment described. At the beginning the manganese
atoms occur in three different states which correspond to the various electron
states — orbitals (spherical — yellow — or dumbbell-shaped with two different
orientations — green). A laser pump excites the electrons. An x-ray laser probe
examines the different states.

Short exposure time on the x-ray laser
The new state was investigated using the x-ray laser LCLS which is
operated by SLAC in California. LCLS generates very short and very

intense flashes of x-ray light which reveal the processes inside a
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material. As this state changes fast, it is important that the flashes are
short, to ensure the images don't "wobble." The researchers have
repeated the experiment several times varying the time interval between
the laser and the x-ray pulse. In this way they can determine how the
inner state of the material 1s modified on an ultrafast time scale.

Understanding the materials

The material investigated has a similar structure to materials which could
be of importance for electronic devices, because they manifest what is
known as colossal magnetoresistance. This effect leads to major changes
in the material's electrical resistance when it is near a magnet. This could
be important, for instance, during readout of magnetic memories. "The
results help us gain a fundamental understanding of how materials of this
kind behave," explains Paul Beaud, physicist at PSI, who conducted the
experiment together with Staub. "In this way a material's properties can
be modified in a specific manner to develop new materials."

PSI researchers prepare for the large-scale research
project SwissFEL

PSI researchers have already conducted numerous experiments with the
x-ray lasers LCLS in the USA and SACLA in Japan. Like the large-scale
PSI facilities, these facilities are open to external researchers who can
apply for experiment time there. The competition is tough — only the
most interesting and promising projects make the cut. "They have
confidence in us because we have already been conducting successful
experiments of this kind at the SLS for some time now," stresses Staub.
PSI's Swiss Light Source is not an x-ray laser but it does produce
intensive x-ray light from which very short flashes can be generated
using special techniques. This means that experiments can be carried out
which, in principle, are very similar to those using the x-ray laser.
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Nonetheless, an x-ray laser opens up completely new opportunities for
specific experiments. It permits the investigation of processes which
were not accessible to previous methods, mainly because the light of the
x-ray laser is far more intense and in shorter pulses. That's why PSI is
building its own x-ray laser, SwissFEL, which is scheduled to enter
service at the end of 2016. Beaud and his colleague Gerhard Ingold, who
were involved in constructing and operating the ultra-short x-ray source
at the SLS, are now developing an experimental station for SwissFEL to
investigate fast processes in solid-state physics. "For this project the
experience gained in the USA and in Japan is of immeasurable value,"
comments Beaud.

More information: A time-dependent order parameter for ultrafast
photoinduced phase transitions , P. Beaud et al. Nature Materials; DOL:
10.1038/nmat4046 (published online 3 August 2014)
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