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The Great Pyramid of Giza in Egypt (far right in 
photo) is known to contain two burial chambers. 
In October 2017, physicists from Nagoya 

University in Japan published details of how another 
void, possibly a secret chamber, was discovered using 
muon tomography. The technique was first used in the 
1950s to measure the mass of rock over a tunnel in 
Australia, and in the 1960s to search, unsuccessfully, 
for chambers in another pyramid. Now, advances in 
muon detection technology have led to this discovery 
in the Great Pyramid.

What are muons?
Muons are leptons, similar to electrons but about 207 
times more massive. They are fundamental (not made 
of other particles) and have the same charge as an 

electron or positron. They are formed when cosmic rays 
(energetic charged particles from outer space) collide 
with nuclei in the upper atmosphere and form particles 
that decay by emitting muons. 

Cosmic rays were discovered in 1912 but muons 
were not identified until 1937 because they rarely 
interact with matter, making them hard to detect.  They 
travel in a fairly straight path through matter and are 
not deflected.

Muons decay with a half-life of 2.2 microseconds 
(Box 1). This is so short that they should not reach sea 
level before decaying. However, because they travel at 
close to the speed of light, time passes more slowly for 
muons (as described by Einstein’s theory of relativity). 
On average, muons reach sea level at a rate of 1 muon 
per cm2 per minute.
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Muons and 
the pyramids
Carol Tear shows how muons were used to find 
secret chambers in the Great Pyramid of Giza
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Questions
1 Ignoring relativistic effects, use the half-life of 

the muons to calculate how far a sample of 
muons would travel at the speed of light in the 
time that half of them, on average, decay. 

2 Muons are detected at sea level, about 6000 m 
below where they are formed. They travel at 
about 0.97 c, where c is the speed of light. 
Explain why muons are detected at sea level.

3 Show that lepton number and charge are 
conserved in muon decay. 

horizontal. It could be another burial chamber, a 
void to reduce the weight of the pyramid on the lower 
structure, or for use during construction — we do not 
know how the pyramid was built.

This investigation was part of the Scan Pyramid 
project of the Egyptian Ministry of Antiquities, run 
from Cairo University (www.scanpyramids.org). 
Other pyramids are being investigated and muon 
tomography is being used to look at structures of other 
archaeological sites. It can be used to detect uranium 
and plutonium because they are so dense, and has been 
used to examine the inner structure of the damaged 
Fukushima nuclear reactor. Magma chambers in 
volcanos can be imaged to predict volcanic eruptions.

Detecting muons
As a muon passes through matter it occasionally 
interacts by ionising atoms, gradually losing energy 
until it is absorbed. When muons travel through dense 
rock, more are absorbed than when they travel through 
air. Detectors record the number of muons arriving in 
a fixed time. The number depends on the density and 
thickness of the material above the detector. 

When using muons to ‘look inside’ the Great 
Pyramid, only about 1% of the muons reached the 
detectors (compared with outside). But data collected 
over several months showed more muons in some 
locations than expected, giving evidence for a void in 
the pyramid (Figure 1).

Nuclear emulsion films (photographic films that 
detect muons) were developed by Nagoya University. 
These are ideal because they don’t require power and 
are compact. The results were confirmed by researchers 
using scintillation detectors designed by the Japanese 
high energy physics research centre KEK and by 
researchers using gas detectors. They also confirmed 
the discovery of a new void. 

What have they found?
A three-dimensional analysis of the data from the 
detectors pinpoints the position of the void. It is above 
the Grand Gallery, is more than 30 metres long, and 
has a similar cross section. It could be inclined or 

Box 1 Muon decay

 µ– ➝ e– + ν∙e + νµ 

 muon ➝ electron + electron 
anti-neutrino

 + muon 
neutrino

 µ+ ➝ e+ + νe + ν∙µ 

 muon ➝ positron + electron 
neutrino

 + muon 
anti-neutrino
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Possible locations
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Figure 1 Cross section of the Great Pyramid of Giza
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