


THE LABORATORY
Located in Menlo Park, California, SLAC National
Accelerator Laboratory is home to some of the world’s 
most cutting-edge technologies, used by researchers 
worldwide to uncover scientific mysteries on the 
smallest and the largest scales—from the workings of 
the atom to the mysteries of the cosmos.

The result has been 50 years of discovery and 
innovation in both basic and applied science, with 
tangible benefits for our everyday lives. The following 
examples highlight some of the roles SLAC facilities 
have played in advancing scientific understanding and 
improving the human condition.

SCIENCE DISCOVERIES



Targeting Cancer Therapy
EGS, a software toolkit invented at SLAC in the 1970s for high-energy physics 
experiments, has become the gold standard for planning medical treatments involving 
X-rays and electron beams.  Now SLAC is adapting another particle physics toolkit, 
GEANT4, to calculate optimal treatment plans for proton therapy, which zaps tumors with 
a beam of highly energetic protons while sparing healthy tissue nearby. GEANT4 can 
simulate a typical treatment beamline and optimize the dose of radiation a patient 
receives. SLAC is a major collaborator with medical physicists who are working on 
GEANT4 applications. 

In addition to its use in advanced medical treatment simulations, GEANT4 has also been 
applied to nuclear experiments, and accelerator and astrophysics studies.

Lowering the Risk of Arsenic Poisoning
High levels of arsenic in well water can have devastating effects on communities, causing 
degeneration and irritation of the heart, lung and kidneys, cancer, and if untreated, death.  
Not only can it take decades for the symptoms of arsenic poisoning to become obvious, 
but the geochemistry of arsenic is also very complicated—it exists in a variety of 
compounds, some toxic and some not, and deposits itself in various forms.

When millions of people in Bangladesh found their water supplies contaminated by 
bacteria in the 1970s, they drilled wells into aquifers to obtain drinking water. 
Unfortunately, this water was heavily contaminated with arsenic. Studying soil samples 
from the Bengal Basin, researchers at the Stanford Synchrotron Radiation Lightsource 
(SSRL) discovered that most hand-bored wells used by the local population fell in a depth 
range with the greatest concentration of arsenic. Through the study of these samples at 
SLAC, scientists have identified where the most dangerous forms of arsenic reside, and 
this information has helped reduce the risk of arsenic poisoning in affected populations.

Accelerating Drug Discovery
Research at SLAC has led to the creation of one of the most sought-after antiviral drugs on 
the market: Tamiflu. Based in part on structural data collected at SSRL, scientists 
collaborating with Gilead Sciences published research describing the design and synthesis 
of this drug, which slows the spread of the influenza virus.  More recently, scientists using 
SSRL determined the crystal structure of an antibody effective against H5N1 and H1N1, 
known respectively as bird flu and swine flu. This research has contributed to the 
development of possible vaccines that are currently being evaluated in clinical trials.

Researchers from Genentech also have used advanced imaging tools at SSRL in their work 
to develop drugs for the treatment of cancer, autoimmune disorders and other diseases. 
SSRL technology helps the company’s scientists determine molecular structures of 
antibodies in the process of their discovery efforts.

Unveiling the Secrets of Viral Disease
Made using intense X-ray beams at SSRL and other light sources, fundamental discoveries 
about the workings of RNA polymerase II—an enzyme critical to “reading” the blueprints 
stored in DNA—earned Stanford’s Roger Kornberg the 2006 Nobel Prize in Chemistry.

Now, a company Kornberg co-founded, Cocrystal Discovery, is applying knowledge of this 
process to studies of RNA viruses that cause diseases like hepatitis and the common cold. 
Blocking a similar enzyme in these viruses would keep them from replicating within the cells 
of their victims.

Unlocking the Mysteries of the Universe
From black holes and supernovae to dark matter and dark energy, the mysteries of 
the universe have piqued human curiosity for centuries.  In SLAC’s quest to gain 
unprecedented views of the cosmos, researchers at the laboratory built the main 
instrument for the Fermi Gamma-ray Space Telescope, launched by NASA in 2008 to 
observe the universe in gamma rays—the highest-energy form of light. This mission is 
producing invaluable information about some of the most extreme events in the universe, 
including black holes, exploding stars and active galaxies.  

One year into its mission, Fermi had identified 1,451 high-energy gamma-ray sources, 
shedding new light on pulsars, blazars, supernova remnants, globular clusters and 
starburst galaxies.

Bringing the Web to the United States
Collaboration, key to all large-scale scientific endeavors, was the driving factor behind the 
1990 invention of the World Wide Web at CERN, a particle physics research laboratory in 
Geneva, Switzerland.  Shortly after the Web was conceived, SLAC installed the first Web 
site in North America; it made the SPIRES-HEP database of particle physics literature 
available to scientists all over the world.  Web inventor Tim Berners-Lee has described 
SPIRES as the original “killer app” that showed society what the Web could do. By 1994 the 
Web exploded into the world beyond physics and SLAC launched the PingER project, which 
continues to monitor the speed and reliability of Internet connections around the globe.

A FUTURE OF DISCOVERY
Equipped with state-of-the-art facilities and an advanced suite of 
scientific tools and expertise, SLAC is poised to welcome a frontier of 
discovery unlike any other in the lab’s fifty-year history. The 
following highlights illustrate work underway to advance 
innovation and create new technologies that will improve our lives. 

Generating Fuels from Sunlight
Scientists at SLAC are focusing on the atomic-scale design of catalysts for energy conversion 
and storage.  Widely used in many industrial processes, catalysts are critical to future energy 
technologies such as artificial photosynthesis, creating cleaner fuels and building better, more 
efficient batteries for energy storage.  

Increasing the Efficiency of Solar Energy Conversion
Researchers are working to develop new processes of solar energy conversion to reduce the 
cost and increase the efficiency of solar energy production. One such process simultaneously 
combines the light and heat of the sun to generate electricity—a mechanism that could offer 
more than double the efficiency of existing solar technologies. 
 

A Spintronic Revolution
SLAC researchers are at the forefront of investigations into a novel class of materials called 
topological insulators that look to revolutionize electronics. These materials may prove key 
to the development of dramatically faster, more efficient computer chips, and could become 
the bedrock of an entirely new kind of computing industry based on spintronics—the ability to 
transport information via electron spin. 

Making Molecular Movies
The ultra-fast, ultra-bright X-rays at SLAC’s Linac Coherent Light Source are giving 
researchers an unprecedented view of the atomic world.  Advanced instrumentation and 
expertise at the facility will soon enable the creation of the world’s first “molecular movies,” 
revealing the chemistry behind the processes of life.



A SUCCESSFUL PARTNERSHIP
Great Lab. Great University. Great Science.
The 430-acre campus of the SLAC National Accelerator Laboratory 
is located in Silicon Valley, 30 miles southeast of San Francisco, 
California, on the Stanford University campus. The success of the 
lab’s research program is a reflection of SLAC’s role as a US 
Department of Energy national laboratory and its increasingly 
close collaboration with Stanford, which operates the lab for the DOE. 
Institutes jointly located at SLAC and Stanford enable the exceptional 
scientific vision that characterizes both institutions.

For more information about SLAC, please visit 
www.slac.stanford.edu.

COVER IMAGE:
An instrument at the Linac Coherent 
Light Source, designed to probe the 
structural dynamics of matter using 
ultrafast lasers.

BACK COVER IMAGE:
SLAC’s linear accelerator, with 
Stanford University and its famed 
Hoover Tower in the background.


