
The LCLS produces the world’s brightest 
X-ray pulses. Like a high-speed camera 
with an incredibly bright flash, it takes 
X-ray snapshots of atoms and molecules 
at work, revealing fundamental 
processes in materials, technology and 
living things. These snapshots can be 
strung together into movies that show 
chemical reactions as they happen.

A Unique Tool for Science
LCLS creates X-rays a billion times brighter than those available 
before. Its laser pulses probe samples more than 100 times per 
second, with each one lasting just quadrillionths of a second – 
short enough to study the formation of molecules and capture 
signals transmitted by living cells.

Catching Photosynthesis in the Act
Photosynthesis is one of the most important chemical reactions 
on Earth, yet most aspects are not fundamentally understood. 
With the LCLS, researchers can directly observe the natural 
processes that convert the sun’s light into useable energy, with 
promising implications for America’s energy future.
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Revealing Life’s Secrets
Scientists are using the LCLS to determine the structures 
of proteins from tiny nanocrystals. This unique capability 
opens the door to studying tens of thousands of biological 
structures that were out of reach before, including proteins 
important in disease and its treatment. One LCLS experi-
ment, for instance, has provided important clues on how to 
combat African sleeping sickness.

Developing Future Electronics
Experiments at LCLS are exploring new ways to design 
and control the magnetic and electronic properties of an 
important class of electronic materials with ultrashort pulses 
of light. This could ultimately lead to extremely fast, low-
energy computer memory chips or data-switching devices.

Studying Matter in Extreme Conditions 
The LCLS gives scientists the right tools to investigate the 
extremely hot, dense matter at the centers of stars and giant 
planets. These experiments help researchers explore how 
materials respond to stress, design new materials with en-
hanced properties, and study the science that underpins the 
nuclear fusion process that powers the sun.

LCLS Facts
• 260 staff run the facility
• 839 scientists conducted experiments in 2015
• 378 users came from the U.S., 461 from foreign institutions
• 4,555 hours of operation, 5,401 hours of experiments in 2015
• 680 publications from 350 experiments since 2009
• 7 experimental stations
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These images illustrate LCLS experimental results. From left: The first 3-D atomic-
scale map of arrestin docked with rhodopsin, important signaling proteins in the 
body; scientists created and measured “warm dense matter,” an exotic form of 
matter thought to exist at the cores of giant planets like Jupiter.


