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Over the last three years the Pyramid of the Sun, at Teot#myddexico, has been searched for
possible hidden chambers by means of muon attenuation negasuts inside the monument'’s
volume. The experimental method is based on the use of a nmaoket which is placed in
a tunnel, running below the base and ending close to the sympraeis of the pyramid. The
accumulated experimental data, when compared to physmdations using GEANT4, already
show identifiable known features of the external shape optlramid. Experimental results of
the relative density distribution inside the pyramid aresented.
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1. Introduction

Teotihuacan, located some 40 Km north of Mexico City, is one of the most emtiteana
chaeological sites in Mexico. With an estimated population of 150,000, twentyries ago this
city must have ranked among the largest world-wide. Yet, little is known ahauextraordinary
civilization because of the lack a written language. In particular, the motivatiduild there one
of the largest pre-Hispanic monuments in Mesoamerica, remains a mystesyit WWeaant to be a
mausoleum? or just a ceremonial monument? Excavation of tunnels, by M. Gadirio Bloguera,
in the lowest body, and by S. Smith on its 5th body, showed this pyramid to beobsiil, while
the investigated volume (1 % of its 1 million tons) showed no significant internattsie The
existence of a pre-Colombian, man-made tunnel running 8 m below the fl@briemghly centred
along the pyramid’s base and reaching near its symmetry axis, allowed gsaduee the classical
experiment by Alvarez et al[][1] who searched for cavities in Cheplumee of the famous Egyp-
tian pyramids. The project, and its first results, have been reportedrelsef® [B[}]. Here we
present a preliminary report, based on 3 years of data taking, aidemhigyacisons with GEANT4
[B] Monte Carlo simulations to reveal emerging interesting aspects of the data.

2. Pyramid description

When compared to an Egyptian pyramid, the Mexican monument (see Fig.Hgrecterized
by having a flatter aspect ratio, half the heigh but, roughly, a similar sizredpase as Chephren.
More important, it differs by having a 5-level external corridor struetinregularly distributed in
height. The Pyramid of the Sun also has a well defined front-face, havirextra pyramid body
in its lower part, as well as (less pronounced) external climbing-stairalrdady mentioned, the
Mexican pyramid also has a system of man-made tunnels. Our detector is thgtadlel-leafed
clover-shaped cave, located some 36 m west of the (vertical) symmetrgfakis pyramid, at the
end of the pre Hispanic tunnel. Because of the displacement from the syyraristronly the 5th-
body tunnel lies within the field of view of our detector, in its vertical orientatibhus, besides
the pyramidAt's top, the more noticeable external structures within the desehservation solid
angle are the upper-most 4 corridors.

3. Experimental setup

As described in[]3] and shown in Fig. 2, our instrumental array consfsksuo 1m x 1m
scintillators used to generate the muon trigger, and six Multiwire PreoportibamBers (WMPC),
also having 1m x 1m sensitive area, for muon-tracking purposes. Thsuresl singles sintillator
counter efficiency range between 80-90%. They are arrangedtsyi@éorm two planes, separated
75 cm apart. To enlarge the trigger solid angle, these planes are locafteltbas: one at the
bottom of the detection system, and one below the top-most two MWPC'’s. Triilamors in each
plane are operated in a logic OR mode. This way, the individual scintillat@iezffiies, ranging
between 70% and 90%, results in a 94%-97% efficiency for each plarilegi®@d AND between
the two scintillator planes constitute the trigger, yielding a mean 92% efficienug. efficiency
of each MWPC'’s is measured using the trigger. This method requires a geaheorrection
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Figure 1: Pyramid of the Sun external shape. Outlined in dark bluedstiojected detector field of view.
The prehispanic tunnel location is shown in red.

for the two top-most MWPC'’s.The resulting full 3-point track reconstrucgtiiciency turned out
to be below 10%. Data taking has also been impacted by external factohsasulata-network
connectivity and electric-power failures, as well as MWPC gas-mix qualistidhtions, which
at times introduced up to a 50% efficiency reduction. In spite of all this, thedritate has been
sufficiently stable during the data-taking time. An approximatly 20 % contributam ficcidentals
has been estimated using the time-of-flight (TOF) spectrum between two stnfilanes within
a 80ns time window. So the estimated count rate is about-B.D5 Hz, which is close to the
Monte-Carlo simulation predictions of 2.62, reflecting that the detector posiijsamid average-
thickness and average density used in the simulations are consistent withstr@agion. The
muon-track coordinate corresponding to each chamber has been esthyatezhns of a Flash
ADC (FADC) signal shape analysis technidge[6]. The tracks have mEmnstructed using three
chambers for each coordinate. More details about the track recaimtrumordinate and angular
resolutions can be found if{ [3].
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Figure2: Schematic representation of the detector system. The thpa@ttom gray-shaded boxes represent
the scintillators. The mid volume is occupied by 6 MWPC (althlo only 4 are shown, to allow an inside
view), having their wires on alternating, mutually perpienthar, positions

4. MC-simulation

Muon transport through the detector, as well as through the body afpgir has been simu-
lated using the GEANT4 Monte Carlo package [4]. This allowed us to estimgte the detector
geometrical efficiencies, as well as the expected muon-flow distributioreitisedpyramids cave,
where the detector is located. Details about the pyramid geometry constryrgeision, and de-
tector position may be found ifi [f, 8]. The simulation indicates that only muorispax200MeV
kinetic energies can cross the detector’s volume. Above that thresheldetbctor geometrical
efficiency has been estimated assuming a (muon) power-law spectrumpdkgecein [}], using
first momentum distributions, the topology of the data already shows thetexipeati-correlation
with the detector-pyramid-surface distance distribution. That is: more mattéesmeduced count
rates, and vice versa.

5. Simulation vs data

Simulation predictions for the muon rates, corrected by the detector georhefficency,
have also been generated and subtracted from the data equating the statistider to search
for significant differences. As example of the results obtained, Figo®&slone such comparison
based on published[3] data. In it, corresponding to 10 % of the datajriteylbin difference of
these distributions is presented in significance units, defined as bin difeedivided by the error
of that difference. Here one can appreciate a clear top-bottom asymsuefmesting that within
the detector acceptance, the Pyramid of the Sun seems to be significantlghessaom its south
side (corresponding to the bottom part of Fig. 3) than on its north side {tBjgo3). The current
analysis (not shown) which now includes 60 % of the data indicates thaketisty difference is
~ 20%.
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Significance

Figure 3: Significance of a preliminary Data-Simulation differendstigbutions.

6. Conclusions

Progress in the muon attenuation experiment carried out at the Pyramid ®fithén Teoti-
huacan, Mexico, is reported, including experimental and simulation detdits. tAree years-worth
of data the experiment-simulation comparisons show an intriguing north-sensitglasymmetry.
The complete data analysis, together with plausible interpretations shall §enped in a later
publication.

References

[1] L.W. Alvarez et al., Science 167 (1970) 832.

[2] R. Alfaro et al., Proceedings of the 30th Internationak@ic Ray Conference, Mérida, Yucatan,
México Vol. 5(2007)1265.

[3] S. Aguilar et al., Proceedings of the 32th InternatiocBabmic Ray Conference, Beijing, China, Vol.
4(2011)317.

[4] S. Aguilar et al., Proceedings of the 33th Internaticd@abmic Ray Conference, Rio de Janeiro,
Brasil(2013), to be published.

[5] S. Agostinelli et al., Geant4, a simulation toolkit, Numstr. Meth. A506(2003)250.
[6] M. Lopez-Robles et. al. IEEE Tr. Nucl. Sc. 52 (2005)2841.

[7] http://lwww.cct.co.uk/

[8] V. Grabski et al, Nucl. Instr. Meth. A585(2008) 128.

[9] Malmgvist, et al, Geophysics 44(1979)1549.



