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Con i raggi cosmici alla 
ricerca del invisibile 
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Abstract 
La radiografia muonica e’ una tecnica emergente che permette di rivelare le variazioni di densita’ come le 

cavita’  nascoste nel sottosuolo, nelle montagne oppure all’interno delle piramidi egiziane, utilizzando i raggi 

cosmici e i rivelatori di particelle elementari. Fisici napoletani e giapponesi insieme alla associazione 

culturale Celanapoli stanno applicando questa tecnica per sondare la Necropoli Ellenistica di Neapolis. I 

rivelatori basati sull’utilizzo di emulsioni fotografiche, non avendo necessita’ ne’ di elettricita’ ne’ di 

manutenzione, permettono una indagine non invasiva dei siti archeologici presenti nel sottosuolo urbano. 

Per rivelare gli elementi strutturali oppure le cavita’ nascoste e’ indispensabile avere un modello 3D preciso 

dell’ambiente circostante, in modo da esaminare le differenze tra il flusso di muoni misurato dal rivelatore 

rispetto a quello atteso dalla simulzione. I modelli geomatici della Necropoli Ellenistica in preparazione da 

ACAS3D sono in perfetta sinergia con le misure di radiografia muonica poiche’ permettono una corretta 

interpretazione dei  dati osservati.  
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The OPERA detector: 8.9 mln films with the total 
emulsion sensitive surface of 200000 m2 

10x10x50 meters  
apparatus 
 

ECC “brick” 
57 emulsion plates  
56 lead plates 
10x12x7 cm, 8 kg 
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http://home.web.cern.ch/about/updates/2015/
06/opera-detects-its-fifth-tau-neutrino 

15/06/2015 νμ→ ντ oscillation is observed! 

 

Tomography images taken with 
2.5 microns step 

LuBeC 2019 



55 ms 
data acquisition 

25 ms 
back motion 

80 ms 
duty cycle 
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What the microscope camera shows in one emulsion film.. 
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Muons produced by protons coming 
from space in the upper layers of 
atmosphere (@20 km asl) 

Muons flux is well studied and 
quite stable in time at the 
energies exceeding  1 GeV 
 
Them are dominating ionizing 
particles at sea level 

Muons are highly penetrating 
and cross thick layers of 
material if have enough initial 
energy: 2TeV -> 3 km w.e. 

Atmospheric muons 

Can be used for radiography 
of bulky objects 
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Telescope 

Limits and requirements 
for volcanoes radiography 

10/9/2019 Valeri Tioukov, IAVCEI 2013 9 

Nearly horizontal  
atmospheric muons 
cross the mountain 

• It’s assumed that the muon 
flux and spectrum well 
known and nearly constant 

• Assumed the precise 
knowledge about the 
mountain shape  

• What we can obtain is the 
angular map of the average 
rock density using the muons 
absorption information 

• Detector should provide 
precise angle for each 
particle passed through 

• The method is limited to the upper part 
of  the mountain above the detector 

• Low muons rate do not allow to have 
short exposure – months is a typical time 
scale 

• 1 km of the rock thickness is an 
approximate upper limit for 1-few m2  

detectors with few months exposure  
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Dr. Luis Alvarez, Nobel Prize 
Winner 
 
1963, Chephren’s pyramid, Giza 
 
Is there a “secret chamber” ? 

First idea illustration 

1963: First application of muon 
radiography for archeology 

2007: First application of muon 
radiography for volcanoes study 

Earth and Planetary Science Letters 263 (2007) 104–113 
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2017: The hidden void in Great 
Pyramid was found by the 
emulsion detector! 
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2018 
Necropoli 

ellinistica di 
Neapolis   
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Emulsion detectors for Muography: Ipogei 2018 
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Detectors 

Target 

10/9/2019 

The street surface now 
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The street surface  
IV sec B.C. 
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Detector positions 

set1 

set5 

set5 

set1 

Google 
3D cloud 
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Melograni 

Togati 
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The cavities thickness calculated using 3D survey Normalized muon flux in the detector (data) 

New structure 
(preliminary) 

The study is ongoing – more positions will be added to obtain a 3-d reconstruction of the hidden volume  10/9/2019 LuBeC 2019 



 

OK! 

?? 
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New installation to reveal 
the crypt 6 
30/09/2019 

3 detectors were installed with a total  
sensitive surface of  0.2 m2 
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• Availability of the appropriate 3D digital 
model of the site is essential for the correct 
Muography interpretation 

• Taking several views we can try the data 
inversion to obtain 3D tomography of hidden 
structures! 

Roma, 3D e beni culturali 


