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Looking for hiden chambers with muons 



 Muons as a radiation source 



Flux attenuation and angular 
distribution 

10 26. Cosmic rays

in the atmosphere, the map of the overburden at each detector, and the properties of the
local medium in connecting measurements at various slant depths and zenith angles to
the vertical intensity. Use of data from a range of angles allows a fixed detector to cover
a wide range of depths. The flat portion of the curve is due to muons produced locally by
charged-current interactions of νµ. The inset shows the vertical intensity curve for water
and ice published in Refs. [59–62]. It is not as steep as the one for rock because of the
lower muon energy loss in water.
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Figure 26.6: Vertical muon intensity vs depth (1 km.w.e. = 105 g cm−2of standard
rock). The experimental data are from: : the compilations of Crouch [58], :
Baksan [63], ◦: LVD [64], •: MACRO [65], : Frejus [66], and △: SNO [67].
The shaded area at large depths represents neutrino-induced muons of energy above
2 GeV. The upper line is for horizontal neutrino-induced muons, the lower one
for vertically upward muons. Darker shading shows the muon flux measured by
the SuperKamiokande experiment. The inset shows the vertical intensity curve for
water and ice published in Refs. [59–62].
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Their main features has been 
very well studied and measured 
therefore it can be used as a controlled  
source of radiation ! Q!
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I(E,θ) = k E-2.09(cos θ) -0.02  

For energies 60-300 GeV  
 

 



  Trajectory 

MuonMuon ScatteringScattering
“Multiple Coulomb Scattering”“Multiple Coulomb Scattering”

High energy muons undergo minimal scattering –High energy muons undergo minimal scattering 
travel in ~straight lines
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In general, a reasonable and well characterized source of radiation.  



Pioneer work 



Luis Alvarez experiment 



Mexican Arqueology 

J.M Velasco, 1878 



Teotihuacan is still a mystery 

Started ~0 
Declined ~600 
 
Aztecs arrived 
~1300 
 
Who founded? 
Government? 
What caused  
Falldown? 
 



Prehispanic Tunnel (1976) 



Entrance 

Tunnel end  

Archaeologist and Physicist 



Hardware: 
-  2 Scintillators 
-  4 MWPC (2 X-

Y planes) 

Esquema del detector 

Muon tracker 



CORSIKA 
GEANT 
3DField  

Levantamiento Digitalizació
n 

Simulation 
 



The experience 

Reduce entrance only  
Some sections 60 cm width 
80 cm height   

100% humidity 
26 degrees. 
No possibility to modified  
the environment. 
 



The detector 



Detector Position 

Blue contours  
Detector FOV  



Muon radiography of Pyramid of the Sun in México
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013
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Fig. 3: Angular distribution of simulated events corrected
by the detector acceptance in the detector cave. The distri-
bution is normalized to the one in in Fig. 5.
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Fig. 4: Trigger count rate for a one-month time period. The
vertical lines in the plot are due to the interruptions in data
collection time.

nesses distribution shown in Fig 2. This is because less
thickness results on a higher muon count-rate, and vice-
versa. Thus, the maximum in Fig. 3 (off-centered towards
negative θx values, but nearly symmetric relative to the θz
axis, corresponds to the Fig. 2 valley. Detector acceptance
deforms (sharpens) the Fig. 3 distribution, making more d-
ifficult a direct pyramid-structure identifications. In partic-
ular, note that the high θx region, where the Smith tunnel
is located, lies in the low count-rate region.

5 Experimental Results
Before presenting our two-year result, the reader should be
aware that, because of practical reasons (no adequate accel-
erator facility in the Country), the present experiment lack-
s of energy-, and position-, dependent efficiency measure-
ments for the individual, and/or the integrated detection
system. Still, the fact that the scintillator-counting system
has remained very stable during the experiment (see Fig.
4) allows us to contemplate approximate means to evaluate
our position-dependent efficiency from track correlations.
The preliminary two-dimensional projection-angle plot of
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Fig. 5: Angular distribution of detected events, see the text.
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Fig. 6: Preliminary data of relative density distribution in-
side the pyramid volume.

the number of detected events is presented in Fig 5 (already
corrected by non uniform chambers’ surface response), to
be compared with Fig 3. There is an overall similarity be-
tween the two figures, including the multiply mentioned θz
nearly symmetry and θx asymmetry. However, on a closer
look one can notice slight differences, such as the position
of the maximum along the θx axes. Using the experimen-
tal and MC (normalized to experimental) distributions of
muon rates, the relative density distribution inside the pyra-
mid can be estimated using the power-law behavior of the
muon flux [8] as shown in Fig. 6. Here one can notice that
the most appreciable differences are observed in the large-
angle regions, what can be the result of two types of errors:
the difference between the assumed pyramid external ge-
ometry in the simulation, compared with the real one, as
well as errors in the detector efficiency estimation.
No immediate comparison can be made between the

pyramids external shape (Fig. 1) and the thickness distri-
bution of Fig. 2, because they represent different perspec-
tives, one corresponding to an outside viewer, located high
above, and along the vertical symmetry axis of the monu-

Simulation vs     Data  
Muon radiography of Pyramid of the Sun in México

33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013
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Fig. 3: Angular distribution of simulated events corrected
by the detector acceptance in the detector cave. The distri-
bution is normalized to the one in in Fig. 5.
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Fig. 4: Trigger count rate for a one-month time period. The
vertical lines in the plot are due to the interruptions in data
collection time.

nesses distribution shown in Fig 2. This is because less
thickness results on a higher muon count-rate, and vice-
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mid can be estimated using the power-law behavior of the
muon flux [8] as shown in Fig. 6. Here one can notice that
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Not buried chamber but .. 
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Pyramid Experiment A. Menchaca-Rocha

Figure 3: Significance of a preliminary Data-Simulation difference distributions.

6. Conclusions

Progress in the muon attenuation experiment carried out at the Pyramid of the Sun, in Teoti-
huacan, Mexico, is reported, including experimental and simulation details. After three years-worth
of data the experiment-simulation comparisons show an intriguing north-south density asymmetry.
The complete data analysis, together with plausible interpretations shall be presented in a later
publication.
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There is a density  
Asymmetry.  
Could be because  
Less humidity in the  
soil?.   



Summary and reflections 

Prospection by detecting muons is a suitable option 
  
Sun Pyramid seems does not have a empty buried chamber.  
However the results can help to restore and preserve the pyramid. 
 
Why get involved in a project like this? 
It gives visibility and shows the importance of science. 
Politically correct (funding agencies like it) 
Bring science closer to students, 
R&D can be used for other projects. (monitor Volcanoes)  
 


