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WHY MEASUREMENT 
UNDERGROUND

• Natural extension of 
altitude measurement

• Well known sites
• Abundance of data of 

underground 
measurement

• Real and handy example 
of attenuation 
phenomena

• Didactic and popular
• No expensive gas 

involved...
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THE NURAXI FIGUS - SERUCI
MINE COMPLEX

• Why here?
• Active mine, no more extractions
• Winze (“discenderia”)à easy to transport material
• Electric current steady supply
• Staff availability : project ARIA
• Geological depth profile 
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THE DETECTORS
• Cosmic Box

• Box of two 15x15 cm^2 plastic scintillators  (spread 12cm)
• Three detectors connected with Raspberry PC
• Each event on a CB time tagged 
• Possibility to add the statistics of the three detectors
• Arduino start signal 

• ASTRO (first 4 points)
• 8 scintillators with single SiPM (4 long 60x8 cm, 4 short 15x8 cm)
• Several coincidence combination (2 scintillator or more)
• FPGA system control
• Hardware temperature correction
• Photo-electron Calibration
• Transportable in sealed box
• Weather station and GPS
• 20 h autonomy with battery and switch in case of no normal power
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UNDERGROUND 
MEASUREMENT
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Ongoing measurement n.5



THE 
MEASUREMENTS

• Selected levels:
Ø Surface (+100 m above sea level 

A.S.L.) out of the mine entrance
Ø - 174 m (-78 m A.S.L.)
Ø - 250 m (-148m A.S.L.) NEW
Ø - 339 m (-259 m A.S.L.)
Ø - 500m (-397 m A.S.L.)
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RESULTS OF 
ONGOING
MEASUREMENTS



DISTRIBUTION OF TIME DIFFERENCE 
BETWEEN TWO SUBSEQUENT EVENTS
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Outside the mine… (+100m A.S.L.)
Acquisition time 2902s
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DISTRIBUTION OF TIME DIFFERENCE 
BETWEEN TWO SUBSEQUENT EVENTS
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First level inside the mine.. 
Acquisition time 72hr=259200s
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DISTRIBUTION OF TIME DIFFERENCE 
BETWEEN TWO SUBSEQUENT EVENTS
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Second level inside the mine.. 
Acquisition time 9d=7.7̇̇̇̇̇̇·105s
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DISTRIBUTION OF TIME DIFFERENCE 
BETWEEN TWO SUBSEQUENT EVENTS

Third level inside the mine.. 
Acquisition time(fragment,S.Boi 
14/01/19) 8d=6.7̇̇̇̇̇̇9·105s 



• -250 m below ground level
• No daq file registered
• Abnormal count on one 

cosmic box
• No event time stamp to 

identify and fix the singularity 
(cfr. S.Boi last report)

• But still..
• CB7 3517
• CB11 156790 ???
• CB14 2547
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DISTRIBUTION OF TIME DIFFERENCE 
BETWEEN TWO SUBSEQUENT EVENTS

-ABORTED-

Fourth inside the mine.. Acquisition 
time 25d=2,16·106(partial)



RATE

Depth (m) Rate (Hz) Error

0 3,83 0,04

174 5,42e-03 0,16e-03

250 (NEW) 4,21e-03 0,05e-03

339 1,13e-03 0,04e-03

500 8,0e-04 0,4e-04
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SIGNIFICANCE
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NN /

ll /¶

ll /¶

Depth (m) Significance (         ) Significance (        )

0 0,010 0,009
174 0,027 0,030

250 (NEW) 0,012 -
339 0,034 0,034
512 < 0,043 < 0,046

NN ll /¶



RESULTS: RATE
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NORMALISED RATE
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RATE SUPPRESSION
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COMPARISON ON 
EXPECTED RATE
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NORMALIZED RATE 
COMPARISON TO 
PYHÄSALMI MINE 
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CONVERSION TO W.M.E.: 
STUDY OF THE TERRAIN

• Soil information have been digitized
• New update on materials from recent sampling to be 

implemented
• Developing simulation
• Direct proof of CB sensitivity: same depth

measurements with controlled soil variation available 
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NURAXI FIGUS
VS

SERUCI
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WHAT WE DID

• Took 4 points with good significance
• Found conversion into M.W.E. 
• Comparison with other measurements in literature
• Found agreement with Pyhäsalmi distribution
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WHAT WE ARE DOING

• Taking new measurement at 250m depth
• Studying problems of DAQ
• Studying stability of CB (during electric variations?)
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OUTLOOK

• Fully simulate soil and density resolution
• Experimentally test CB sensitivity to density variation
• Take two measurements at Seruci site
• Improve events file accessibility and writing
• Find flux dependance to depth law in m.w.e.
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BEYOND 
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