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#ScanPyramidg First conclusivdindings with
muography on Khufu Pyramid

OnOctober 13th The #ScanPyramids teanet at the Egyptian Ministry of Antiquities, with
the Sientific committeeof Egyptologistappointed by H.EDr. Khaled HEnary, Ministerof
Antiquities in order to presenthe first conclusive results of thmuographysurvey
conducted orthe Khufu Pyramid since June 2016.

The Sientificcommittee of the Ministryisled bythe former ministerof antiquities Dr. Zahi
Hawassand is composed ddr. MarkLehner Directorof Ancient Egypt Rsearch Associates
(AERA)Dr.Miroslav Barta, Director of th€zech Archaeologicaliséion inSaqqgara and Dr.
Raner Stadelman, former directorof the German Archaeologicaistitute andand Dr.
Mahmoud Afifi, Director of Egyptiam#quities sector, Supreme Counsel of Antiquities,
Ministry of Antiquities

The findings:
North Face of Khufu Pyramid

Among several thermal anomalies that have been detedtack in November 2015y the
infrared specialist Jea@laude Barré (Francegsignificantonewas found on the Nohern
Faceof the Geat Pyramidin the area where 4 visible chevrons overhang the descending
corridor.



Anotherin depth thermalsurveywasconductedover 3 X24 hours by Laval University
(Canadajo confirm that this areavas a point of interest, whereiffierent blockscomprised
of the same materiain the same orntation weresupposed to exhibit similar behavior,
which was not the case.

Imagel - Infrared short arvey Image2 - Infrared 3 x 24 hours survey

Thisanalysisconvinced the#ScanPyrandis team to expanthe surveyof thisinteresting
areawith complementary techniques.

A 3D reconstruction and analysistbé area has been done with the competency support of
dLa Fondation Dassault Systerhaad 6Emissive.

The nany questions raiseth this area motivatedhe teamto invest in a complete
Muography process through the descending corridbthe pyramid Which is just beloy
keeping in mind that Wenthe pyramd was finished 4500 years ago, ttieevronsof this
area were not visibleas they were hiddeonder casing stonehat weredismantled
throughoutcenturies.

Today we sl see the remains of those chevrons and oblique stamleieh most prdably
are parts of propped missing chevrorevering a kind fovoid that might have existeldefore
stones were dismantled

We have also to keep in mind thatsidethe Great Pyamid there are other chevrons
coverirgthe Kingand the Queen Chambgnn ancient architecture, chevrongere not used
for decoration butthey have had very practical purposeo protect a void and prevents
the roof from collapsg. The question posed here washwso many chevrts are put to
protect such a small area at the beginning of trescending corridér
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Image3 - Khufu with casing stones 4500 years ago Image4 - Khui's internal view of known structures



Image5 - 3D reconstruction Khufu Pyramid's chevrons
zone

Image?7 - 3D reconstruction Oblique Stops
chevrons

Image9 - 3D reconstruction Cut view ddisappeared
chevrons above descending corridor

Since the team havalidated the us of Muon Cosmic rays to observe internal structures of
pyramids(on the Bent Pyramid in DahshourApril 2016). Muography haproved that it &
very efficientfor detectingvoids in massive and thick structures (volcag@ower plants

LJe NJ Y A Re#scanPyramids team decided to use Muography to observe the space
behind the chevrons

Image10- 3D reconstruction Area analyzed by Muosensiive
plates positioed in the descending corridor



In June 2016 3 aluminuplates containing emulsiofiimsthat are sensitivéo Cosmic
Muons wereinstalledat the bottom ofthe descending corriddn order(i 2  Gpaténsat
voids above them. The films collect®tiion informationduring 67 days beforbeing
analyzed at Nagoya Univers{tiapan)

Imagell- Nagoya University Muon sensitive plates in Imagel2 - Nagoya University emulsidiim setupin the
descending corridor that have been analyzed descending corridor

Each plate revealesignificantexcess of muons ithe same direction. Several studies were
then conducted to prog that this excess of aons whichcould be interpreted as a vaoid

was notstatistical fluctuation or noiselhe comparison with detailed simulations shows that
this excess istgely above Sigmas.A 5 sigma excess corresponds to an effech\ait
probability above 99.9999%his value is commonly used in high energysics as a
discovery thresholdThis excess hakd shape of a straight line. This feature strongly
suggests that it cannot aginate from inhomogeneities along the viewing lines, but from one
or several voids.
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Simulations by K. Morishima (Nagoya University) / B. Marini Results by K. Morishima (Nagoya University) . ﬁ

Image13 - Comparison of muography simulation and results for descending corridor



Having conducting those three complementary techniques, wenareable toconfirmthe
SEA & S ydidShidaeh behind dhe North Fagthat could havethe form ofat least one
corridorgoinginside the Great Pyramid. Tlpeeciseshape, size, and exact positiohthis
voidis now under further investigation. It should be dongh the help of 1Znew Muon
Emulsiorplates thatare installedn the descending corridoandwill be collectedby the end
of October 2016

The #ScanPyramids team is atempleingthe investigations bygD simulation oflifferent
architectural hypothees, with the aid of Miography simulators.
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Image14 - 3Dreconstruction Schematic view of the void behind north face (€hepact position and size to heed)

North East Edgef Khufi Pyramid

Beginning of Jundyluon gasdetectors (telescopeywere deployedutside the great
pyramid,around the North Eastn edge two on the Eastrn side and one on the Nordrn
side Theywere pointed at a notcHocated 150 m awagheight of83 m), with the goal to
validate their performancef detectinga known cavity (C2)of 9m2that scholars have

reported previously. —-

Imagel5 - CEA Muon telescope setup on Khufu



These innovative instruments built &EA/Irfuoperatedsmoothly during threanonths and
accumulated altogether arounsl0 millionMuon cosmic particles

Theanalysis of the collected datavealed3 known notches (N1, N2, N3)

Around the zone of notch N2, a statistically significant muon excess (6.3 sigma) revealed a
correspondence to the cavity already known, i.e. perfectly compatilide the size of the
1Y26y aGNR2Y¢ 6/ HOX YR (Kdza Fdz t e O2yFANNA
known to be 6m deep from the edge of the Pyramid.

In addition another statistically significant excess (5.1 sigma) has been deteloszito the

edge, at around 105 m high, in the vicinity of another, smallim@itl) invisible from the

ground This excess corresponds to an unknown cavity (C1) with around the same volume of
the known room (C2). Further data analysis is still in pregyte check for adtional cavities

of that sort.

Validation of CEA Muon Detectors by identifying
the 3 known notches (N1, N2, N3) and 1 known
cavity C2 (behind N2)

Identification of a new cavity C1 behind N1

More analysis is ongoing for other potential
cavities
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Muography by CEA/Irfu

Imagel6 - CEA Muography results for Khufu's north east edge

In the forthcoming months, the telescopes will be placed again and pointed towards the
other edges of the pyraid for further data acquisition



Y K dzBde@rdChamber

TheS@nPyramids team is still acquiringuondataA y & A R S Quédh @Fadrseawith
other emulsion films and anectronic scintillatolinstalledby KEK (JapanjVe expect to
havethe results of the analysis of those instruments duringfing three months oR017.

Imagel7- KEK Muorrlectronic scintillator
in Khufu's Queen chamber

Conclusion:

The team presented to the Scientific Committee of the Ministry of Antiquities the conclusive
findings of the first year of operation of tiEScanPyramidgroject, which could be
summarized as follows:

1. This is the first time in history théliree complementary échniques using
Muography,Thermographyand 3D & Ydzf | G A2y | NB cdzitByamid2 d a
of Giza

2. The #ScanPyransdeam is able to confirm the presence of an unknown cavity on the
North Eastern edge of the Pyramid, at a height of about 105 m frongibend

3. The #ScanPyramids team is able to confirm the presence of an unknown void behind
the chevrons of above the descending corridor of the great pyramid, while its shape,
size and extension are still under further investigation by the team.



More information on muography

Muon particles permanently reach the Earth with a speed close to the speed of light and a flux
around 10,000 per m2 per minute. They originate from the interactions of cosmic rays created
in the Universe with the atoms tiie upperatmosphere. Similao Xrays which can penetrate

the body andallow bone imagingi KSa S St SYSy Gl NE LI NIAOf Sax
can go thragh hundreds of meters of stonkefore being absorbed. Judiciously placed
detectors (for example insala pyramid, below a potential, unknown chamber) can then
record particle tracks and discern cavities (which muons cross with @ty to interactions)

from denserregions in which some muons are absorbed or deflected. The challenge of such
measurementgonsists in building extremely precise dete&@nd in accumulating enough
data (overseveral days or months) to increase the contrast.

This muography technique firequently used in @lcanology, in particular byesearch teams

of Nagoya University. itthin the ScanPyram&imission, threetypes of detectors have been
developed. Nagoya University uses chemical detectors based on silver emulsion films. The KEK
has bult an electronic device that works with mueensitive, scintillating plastics. Such
instruments allowed the imaging ® nuclear reactor interiors in Fukushimahel muon
telescopes of CEWvhich joined the mission on April ¥5are made of gaseous detectors based

on an argon mixture. In contrasb chemical emlsions, electronitnstrumerts (plastc or gas)

allow for realtime imaging.

About #ScanPyramids

#ScanPyramids missionyw.scanpyramids.ofowas launched on 25 October 2015 under

the authority of the Egyptian Ministry of Antiquities and is ledHagulty of Engineering,

Cairo University, and HIP.Instituteww.hip.institute) , Paris (Heritage, Innovation and
Preservation Institute). This praeaims at scanninggome of the Egyptian Pyramid&ufu,
Khafre, the Bent and the Red Pyramids. #ScanPyramids combines severalagive and
non-destructive scanning technigues in order to try to detect the presence of any unknown
internal structures and cavities in ancient monuments, which may leaddetter

understanding of their structure and their construction processes / techniques. This mission
is currentlyusinginfrared thermography, muon tomography and 3D reconstruction
techniques.

Several international scientific institutions are part of &3eyramids: Nagoya University
(Japan), KEK (High Energy Accelerator Research OrganiZzesiokubag Japan) and CEA
(French Alternative Energies and Atomic Energy Commig$aclay France) for muon
techniques and Laval University (Quelgg€anada) foinfrared thermography.


http://www.scanpyramids.org/
http://www.hip.institute/

PICTURES
You can request pictures @ntact@hip.instituter - patricia.attar@ge+g.com

COPYRIGHT

All rights of the project and itautputs, including Video, Pictures, News, and all Electronic
Outputs are reserved to the Egyptian Ministry of Antiquities, HIP Institute and the Faculty of
Engineering (Cairo University).
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Image18- ScanPyramids team inspecting North Face Chevron Area
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