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From Outer Space to Inner Earth: 
The Surprising Science of Muon Tomography	 

How do we know that there are hidden chambers buried deep within the Great Pyramid of Giza? How have we learned about the internal structure of some of Earth’s largest volcanoes? And how did scientists safely assess the state of the Fukushima Daiichi nuclear reactors in Japan following a major earthquake in March 2011? The answer might surprise you!

To answer all three of these questions, we need to look to space - yes, space! From deep within outer space, cosmic rays continually bombard Earth. These energetic particles, which are released into space by the Sun, supernova explosions, distant galaxies, and possibly even black holes, speed through space - some traveling for light-years - and crash into Earth’s atmosphere. Although these cosmic rays are invisible to the naked eye, man has devised instruments capable of detecting their presence and measuring their impact on the atmosphere and many objects on Earth - including us!  

But what do these cosmic rays have to do with the pyramids, volcanoes, and the Fukushima Daiichi nuclear power plant?  

When these highly energized cosmic rays enter Earth’s atmosphere, they collide with the elements in the atmosphere - primarily nitrogen and oxygen - and are quickly broken down into a cascade of smaller particles known as an air shower. While most of these smaller particles, known as secondary particles or elementary particles, are absorbed by the atmosphere, there is one survivor that manages to “live” long enough to travel to and through the Earth’s surface. That lone survivor is the muon. 

Although muons are invisible to us, scientists use a special instrument called a cloud chamber to see them! The process works like this:  
A container, typically made of glass or plastic, is filled with a vapor such as water or alcohol, then sealed. The vapor is then cooled until it becomes supersaturated, which means that it becomes much more dense. When a muon passes through the cloud chamber, it collides with the gas particles, knocking off electrons and creating ions. The vapor in the chamber then condenses around these ions, forming tiny, liquid droplets that make the path of the particle visible, as seen in this photo. You can also see this in action in this video! As you can see, muons are quite the artists!  

Once scientists discovered that muons can be seen, they developed another instrument that allows them to use muons to peer inside large objects on Earth like the pyramids, volcanoes, and nuclear reactors! These instruments - known as muon telescopes - act like X-ray machines for very, very large objects! The process of imaging objects with muons is known as muon tomography or muography.  

In 2016, the Great Pyramid of Giza was imaged using muography. To begin, two muon telescopes were set up at strategic locations at the base of the pyramid. Because muons are continuously streaming through the air, the telescope technicians didn’t have to wait for a specific moment - they just turned the machines on when they were ready!  As millions of muons passed through the pyramid, the telescopes captured their movement and used it to create a 3D image - very much like an X-ray image. Any empty spaces within the pyramid that the muons passed through appeared as white spots in the image, while denser materials appeared darker (Vlasov, 2023). The white spots indicated the chambers and corridors that lie within the Great Pyramid - some of which had been previously undiscovered! Excited about the new discovery, Egyptian officials later sent a robotic camera into one of the corridors to capture never-before-seen photos to share with the world (Vlasov, 2023)!  

But this was not the first time muon tomography had been used to image one of Earth’s largest structures. During a study conducted from October 2011 to March 2012, scientists used the revolutionary imaging system to capture 3D images of Mount Stromboli - a volcano located on the island of Stromboli, off the north coast of Sicily, Italy. The study provided detailed images of the insides of the volcano for the first time, allowing scientists to gain a better understanding of some of the volcano’s hidden features such as the types of rock the interior of the volcano might be made of and how much magma might lie within or beneath the volcano. By learning more about these features, scientists successfully increased their understanding of the level of threat the Stromboli volcano poses to nearby inhabitants and began working to develop an early warning system for future volcanic events (Tioukov, et al., 2019). 

Also in 2011, muography was used to determine the level of danger within the damaged Fukushima Daiichi nuclear reactors in the Futaba District of Fukushima Prefecture, Japan.  

On March 11th, 2011, a major earthquake, measuring 9.0 on the Richter scale, struck off the coast of Honshu - Japan’s largest island. The earthquake caused extensive damage to the Fukushima Daiichi nuclear power plant, prompting widespread evacuations of the surrounding area in the following days. In 2014, in an attempt to assess the damage within the plant’s nuclear reactors without exposing workers to intense radiation, muon tomography was used to create a map of the interior of the reactors. The goal? To see if the area was safe enough for workers to come in and clear away the rest of the debris (Margraf, 2021). The images created by the muon telescopes in 2014 made it clear that a very real danger was still present; however, scientists have continued to use muography to monitor the situation.  

It’s amazing what these tiny, invisible space particles can do!  

From the mysterious depths of ancient pyramids to the volatile interiors of active volcanoes and the risky assessments of nuclear reactors, muon tomography has quietly revolutionized the way we see the unseen. Powered by cosmic particles that begin their journey light-years away, this cutting-edge technique provides scientists with a harmless way to explore and monitor massive, otherwise inaccessible structures here on Earth. 

As technology continues to advance, the uses for muography are expected to grow - offering new opportunities to protect lives, preserve history, and deepen our understanding of both natural and man-made environments. It's a powerful reminder that sometimes, the answers to Earth's greatest mysteries are written in the stars. 
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