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Not new !

Search for Hidden Chambers
in the Pyramids

The structure of the Second Pyramid of Giza
is determined by cosmic-ray absorption.

Luis W. Alvarez, Jared A. Anderson, F. El Bedwei,
James Burkhard, Ahmed Fakhry, Adib Girgis, Amr Goneid,

Fikhry Hassan, Dennis Iverson, Gerald Lynch, Zenab Miligy,
Ali Hilmy Moussa, Mohammed-Sharkawi, Lauren Yazolino

The three pyramids 6f Giza are situ-
ated a few miles southwest of Cairo,
Egypt. The two largest pyramids stand
within a few hundred meters of each
other. They were originally of almost
exactly the same height (145 meters),
but the Great Pyramid of Cheops has
a slightly larger square base (230 meters
on a side) than the Second Pyramid of
Chephren (215.5 meters on a side). A
photograph of the pyramids at Giza
is shown as Fig. 1. Figure 2 shows the
elevation cross sections of the two
pyramids and indicates the contrast in
architectural design. The simplicity of
Chephren's pyramid, compared with
the elaborate structure of his father's
Great Pyramid, is explained by arche-
ologists in terms of a "period of ex-
perimentation," ending with the con-
struction of Cheops's pyramid (1). (The
complexity of the internal architecture
of the pyramids increased during the
Fourth Dynasty until the time of
Cheops and then gave way to quite
simple designs after his time.)
An alternative explanation for the

sudden decrease in internal complexity
from the Great Pyramid to the Second
Pyramid suggested itself to us: perhaps
Chephren's architects had been more
successful in hiding their upper cham-
bers than were Cheops's. The interior
of the Great Pyramid was reached by
the tunneling laborers of Caliph Ma-

The authors are affiliated with the Joint Pyra-
mid Project of the United Arab Republic and the
United States of America. They reside either in
Cairo, United Arab Republic, or in Berkeley,
California. The article is adapted from an ad-
dress presented by Luis W. Alvarez at the
Washington Meeting of the American Physical
Society, 30 April 1969.
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mun in the 9th century A.D., almost
3400 y'ears after its construction. Of
our group only Ahmed Fakhry (author
of The Pyramids, professor emeritus of
archeology, University of Cairo, and
member of the Supreme Council of
Archeology, Cairo) was trained in ar-
cheology. As laymen, we thought it not
unlikely that unknown chambers might
still be present in the limestone above
the "Belzoni Chamber," which is near
the center of the base of Chephren's
Second Pyramid, and that these cham-
bers had survived undetected for 4500
years. [We learned later that such ideas
had occurred to early 19th-century in-
vestigators (2), who blasted holes in the
pyramids with gunpowder in attempts
to locate new chambers.]

In 1965 a proposal to probe the
Second Pyramid with cosmic rays (3)
was sent to a representative group of
cosmic-ray physicists and archeologists
with a request for comments concern-
ing its technical feasibility and archeo-
logical interest. The principal novelty
of the proposed cosmic-ray detectors
involved their ability to measure the
angles of arrival of penetrating cosmic-
ray muons with great precision, over a
large sensitive area. The properties of
the penetrating cosmic rays have been
sufficiently well known for 30 years to
suggest their use in a pyramid-probing
experiment, but it was not until the
invention of spark chambers with digi-
tal read-out features (4) that such a
use could be considered as a real pos-
sibility. [Cosmic-ray detectors with low
angular resolution had been used in
1955 to give an independent measure

of the thickness of rock overlying an
underground powerhouse in Australia's
Snowy Mountains Scheme (5)].
The favorable response to the pro-

posal led to the establishment by the
United Arab Republic and the United
States of America of the Joint U.A.R.-
U.S.A. Pyramid Project on 14 June
1966. Cosmic-ray detectors were in-
stalled in the Belzoni Chamber of the
Second Pyramid at Giza in the spring
of 1967 by physicists from the Ein
Shams University and the University
of California, in cooperation with ar-
cheologists from the U.A.R. Depart-
ment of Antiquities. Initial operation
had been scheduled for the middle of
June 1967, but for reasons beyond our
control the schedule was delayed for
several months. In early 1968 cosmic-
ray data began to be recorded on mag-
netic tape in our laboratory building,
a few hundred meters from the two
largest pyramids. Since that time we
have accumulated accurate angular
measurements on more than a million
cosmic-ray muons that have penetrated
an average of about 100 meters of
limestone on their way to the detectors
in the Belzoni Chamber.

Proof of the Method

Before any new technique is used
in an exploratory mode, it is essential
that the capabilities of the technique
be demonstrated on a known system.
We gave serious consideration to a
proposal that the cosmic-ray detectors
be tested first in the Queen's Chamber
of the Great Pyramid, to demonstrate
that the King's Chamber and the Grand
Gallery could be detected. But this
suggestion was abandoned because the
King's Chamber is so close to the
Queen's Chamber and because it sub-
tends such a large solid angle that ear-
lier (low resolution) cosmic-ray experi-
ments had already shown that the
upper chamber would give a large
signal. It was apparent that the only
untested feature of the new technique
involved the magnitude of the scatter-
ing of high energy muons in solid mat-
ter. (An anomalously large scattering
would nullify the high angular resolu-
tion that had been built into the de-
tectors, in the same way that frosted
glass destroys our ability to see distant
objects.) We had no reason to doubt
the calculated scattering, but we were
anxious to be able to demonstrate to
our colleagues in the U.A.R. Depart-
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Fig. 1 (top right). The pyramids at Giza.
From left to right, the Third Pyramid of
Mycerinus, the Second Pyramid of Che-
phren, the Great Pyramid of Cheops.
[L National Geographic Society]

ment of Antiquities in a convincing
manner that the techniquLe really worked
as we had calculated. For this pturpose
we required as our test objects not
large features that were nearby but,
instead, small featuLres separated from
the detectors by the greatest possible
thickness of limestone. Fortunately,
such features are available in the Sec-
ond Pyramid; the four diagonal ridges
that mark the intersections of neighbor-
ing plane faces were farther from the
detectors than any other points on the
individual faces. (From now on, we
will refer to these ridges as the "cor-
ners.")
From the known geometry of the

Second Pyramid, the trajectories of
cosmic-ray muons that pass through a
point on a face 10 meters from a corner
and then down to the detectors can be
shown to traverse 2.3 fewer meters
of limestone than do muLons that strike
the corner. They shoulld therefore ar-
rive with 5 percent greater intensity
than the muons from the corner. SuLch
an increase in intensity, corresponding
to suLch a decrease in path through the
limestone, is abouLt half of what would
be expected to result from the presence
of a chamber of "typical size" (5 me-
ters high) in the pyramid. Since such a
chamber would necessarily be closer to
the detectors, it wotuld for these two
reasons be a muLch "easier object to
see" than the corner.
The detection equipment was there-

fore installed in the southeast corner
of the Belzoni Chamber, with the ex-
pectation that it would first show the
corners in a convincing manner, so that
the presence or absence of unknown
chambers could later be demonstrated
to the satisfaction of all concerned. In
September 1968 the IBM-1130 com-
puLter at the Ein Shams University
Computing Center produced the data

Fig. 2 (bottom right). Cross sections of (a)
the Great Pyramid of Cheops and (b) the
Pyramid of Chephren, showing the known
chambers: (A) Smooth limestone cap. (B)
the Belzoni Chamber, (C) Belzoni's en-
trance, (D) Howard-Vyse's entrance, (E)
descending passageway, (F) ascending
passageway, (G) underground chamber,
(fl) Grand Gallery, (1) King's Chamber,
(J) QuLeen's Chamber, (K) center line of
the pyramiid.
6 FEBRUARY 1970
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Why look for an extra room in Chephren’s pyramid?

Pyramids are burial monuments. Real or symbolic?

Most were looted

Some were never used (Snefru built at least three)

Some designs were adjusted, with several rooms
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Why look for an extra room in Chephren’s pyramid?

Cheops’ pyramid has 
several rooms and a 
complex design

His son’s is much simpler, 
with a single room

Could other rooms have been 
more successfully hidden?

Fig. 1 (top right). The pyramids at Giza.
From left to right, the Third Pyramid of
Mycerinus, the Second Pyramid of Che-
phren, the Great Pyramid of Cheops.
[L National Geographic Society]
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A conveniently located room in Khephren’s pyramid

Fig. 1 (top right). The pyramids at Giza.
From left to right, the Third Pyramid of
Mycerinus, the Second Pyramid of Che-
phren, the Great Pyramid of Cheops.
[L National Geographic Society]
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Spark chambers…

a \VU f >

Fig. 5. (a) Geometry of the b
Second Pyramid, showing the
projection technique used to
produLce a simulated x-ray photograph. The plane on the top of the pyramid can be
thought of as the "film plane." (b) The spherical surface on which the events were
projected for the ntumerical analysis of the data.

would have shown up clearly but the
King's Chamber would probably have
requLired some computer assistance to
be made visible. There is one unex-
pected feature in Fig. 13a: on the north
face, there appears to be a narrow
north-south-oriented region that has
a lower cosmic-ray intensity than is
found in surrounding areas. We were
at first hopeful that the north-south
streak indicated the presence of a
Grand Gallery above and north of the
Belzoni Chamber, just as the Grand
Gallery is above and north of the
Queen's Chamber in the Great Pyra-
mid. But we later found a satisfactory
explanation of this feature in the pic-
tuLre that did not involve any interior
structure in the pyramid. The region of
lower cosmic-ray intensity resulted
from the construction of the spark
chambers. Since we could not transport
square chambers 6 feet (1.8 meters)
on a side through the small passage-

ways of the pyramid, each square
chamber comprised two chambers 3
by 6 feet (0.9 by 1.8 meters) in area.
Also, each of the large scintillation
counters was divided into sections. The
inactive areas between the two pairs of
spark chambers and between the sec-
tions of the counters led in a predict-
able way to the unexpected signal
shown in Fig. 1 3a.

Numerical Analysis

We concluded from our study of the
simulated x-ray picture that no unex-
pected features were discernible. But
since we had been looking for an in-
crease in intensity of approximately 10
percent over a region larger than that
to which the eye responds easily, we
then turned to a more detailed numeri-
cal analysis of the data. (The reason for
expecting a 10 percent increase in in-

tensity in the direction of a new cham-
ber is simply that the integral range
spectrum of the muons is represented
by a power law with an exponent equal
to -2. Therefore, if the rock thickness
is changed by an amount AX, out of
an original thickness X, the relative
change in intensity is Al/I = -2AX/X.
The four known chambers in the two
large pyramids have an average height
of about 5 meters. Therefore AX/X
should be -5 percent, and the corre-
sponding value of AI/I should be +10
percent.)

Since the counting equipment was
sensitive out to approximately +45 de-
grees from the vertical, our data were
plotted in a matrix with 900 entries,
30 X 30 bins, each 3 by 3 degrees.
Figure 5b illustrates this system of
binning on a sphere that encircles
the pyramid. We wrote a computer
program to simulate the counting rate
expected in each of these bins. As the
simulation program became more so-
phisticated with time, it took into ac-
count the most detailed features of the
measured exterior surface of the pyra-
mid, including the "cap" of original
limestone casing blocks near the top,
the surveyed position of the detectors
in the Belzoni Chamber, the positions
of the walls and ceiling of the Belzoni
Chamber, and the sizes and positions
of each of the four spark chambers
and the fourteen scintillation counters.
An important control on the quality

of the experimental data being com-
pared with the simulated data came
from scatter plots showing the exact
x and y coordinates of each riecorded

Fig. 6 (left). The equipment in place in the Belzoni Chamber under the pyramid.
Fig. 7 (right). The detection apparatus containing the spark chambers.
6 FEBRUARY 19708 835
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No extra room!
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An extra room also in Cheops’ pyramid?

Complex building history

Several rooms, several changes of design during the 
construction, no known room apparently used
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An extra room also in Cheops’ pyramid?

Architectural hints point to the possibility of an extra 
room below the Queen chamber (reorganized 
flooring, side access — for portcullis? — reflexions 
seen in ground radar survey…)

Study by G. Dormion in 2004 — he successfully found 
two unknown chambers at Meidum with a similar 
analysis
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Possible scenario (Dormion 2004)

First project: underground room, unfinished

Second project: burial room, the “Queen” room being 
ancillary — portcullis maneuvering

Third project: higher room (“King’s room”), that 
would have less weight above — cf Dashur’s failure

The King’s room ceiling breaks : back to the second 
project, with access through the Queen’s room floor.



Éric Aubourg • Pyramids: a case study for muon tomography • MNR2012

An extra room ?

Below and to the West of the Queen chamber

(~20 m above ground level, + relieving chamber 
above)
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Muon tomography for Cheops?

Only two possible locations for a detector
Underground room — 72 m of 1.05 m x 1.20 m corridor to reach it

On the side of the pyramid, using grazing muons (like for a volcano…)
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Muon tomography for Cheops?
TOMUVOL team simulation of a 5m x 5m x 5m room
Detector on the side
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Muon tomography for pyramids

Could confirm or rule out the existence of an extra 
room in Cheops’ pyramid, next to the Queen 
chamber or elsewhere

A portable detector could be used on many pyramids
Previously unknown chambers found in Meidum a few years ago

Muon Maya project at U Texas (buried cylindrical detectors)
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Other archeological applications?

Finding prehistoric painted caves?

Known caves could have neighbours in the same 
mountain

More difficult modeling though…


