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WHY MEASUREMENT
UNDERGROUND

 Natural extension of altifude measurement

« Well known sites
« Abundance of data of underground measurement

« Real and handy example of attenuation phenomena
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THE NURAXI FIGUS - SERUCI
MINE COMPLEX

« Why here?¢
« Active mine, no more extractions
* Winze
Electric current steady supply
Staff availability : project ARIA
Well studied and safe enviroment
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THE DETECTORS

« Cosmic Box

« Box of two 15x15 cmA2 plastic scinfillators (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

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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THE < We selected three depfths:
MEASUREMENTS > Surface (+100 m above sea level

A.S.L.) out of the mine entrance
» -174m (-78 m AS.L.)
» -339 m (259 m AS.L.)
» -500m (-397 m AS.L.)




DEVELOPING AN
EXPERIMENT: TIME
ESTIMATION

How much time does the measurement require?

« Domusnovas measurement

« Comparison and projection of
existing models
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PREVIOUS MEASUREMENT

STEFANO BOI, ALICE MULLIRI, CORRADO CICALQO’

« S.Giovanni cave --> Domusnovas (40 km west of Cagliari).
APR 2018

« Two Cosmic Box

« Qutside the cave: R=1.38Hz

* Inside the cave (100 m of imestone d=2.1g/cm?3): R=3.9e-3




PREVIOUS PROJECTIONS
IN DOMUSNOVAS

Depth in m (standard rock) | Acquisition days

100
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COMPARISON ON
EXPECTED RATE

Muon flux vs overburden

A Proposed DUSL Homestake
e  Current Laboratories
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Figura: Muon flux as a function of standard rock

depth (Cosmic muon flux at shallow depths “10°
underground. L.N.Bogdanova, M.G.Gavrilov, V.N.

Kornoukhov, A.S.Starostin).

Depth, meters water equivalent

Figura: Muon flux as a function of depth in
equivalent m of water measured in various
experiments (V. Diwan et all J. (2003). Megaton
Modular Multi-Purpose Neutrino Detector for a
Program of Physics in the Homestake DUSEL).




FIRST RESULTS OF
ONGOING
MEASUREMENTS
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POISSON DISTRIBUTION

Rare events (n > 1,p K 1)

Numlber of events in finite and constant time interval
P(n) = e‘”% Poisson distribution, u = At

Probability of having one eventin df: dP = P = Adt
Probability of 0 events: Py ¢y = e ™

Probability density distribution g(t) = % = e A

negative exponential (more likely a little time
separation than a long one)

Number of Goals per Match (EPL 2016/17 S
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Events /0.21 s

Outside the mine...

Acquisition time 2902s

Full statistics (0 m below ground level)
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Events / 14529 s

Events / 45.49 s

First level inside the mine..

Acquisition time 72hr=259200s
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Full statistics (-174 m below ground level)
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Second level inside the mine.. |

Acquisition time 9d=7.7-10%s

Full statistics (-339 m below ground level)
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RESULTS: RATE

Measured rate w.r.t. rock overburden
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RATE RELATIVE TO THE
SURFACE

e R(surf) = (3.80+£0.04) Hz
« R(-174m) = (5.49£0.15)-103 Hz
« R(-339m)=(1.10+£0.04) - 103 Hz

. R(-174) _ 13
<G, = (14420.05) 10

. R(=339) _ A4
RGeurh (2.89£0,14) -10

« Average Rock density in Nuraxi Figuse
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NORMALISED RATE

Measured rate normalized to the ground level w.r.t. rock overburden
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Rate suppression w.r.t. rock overburden
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RATE SUPPRESSION

Rate Suppresion w.r.t. rock overburden
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COMPARISON WI
PYHASALMI MINE
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