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WHY MEASUREMEN
BISNEINOIVI\

 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
iInvolved

C.Cicald,S.Boi,G.Serri
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Fisica. [l Centro Fermi e le scuole coinvolte vogliono capire quanto i fasci penetrino nella Terra

Studenti in miniera

maacaccia
diraggi cosmici

Il bacino di Nuraxi Figus campo

di ricerca per alcuni stituti

La miniera di Nuraxi Figu:
della Carbosuleis, gia coin-
volta nel panorama della
scienza internazionale per
il progetto ARIA, si arric-
chisce dell'interesse di stu-
denti e ricercatori coinvol-
ti nel progetto Extreme
Energy Events (EEE). 1l pro-
getto, figlio di un'iniziati
del Centro Fermi (centro di
studi e ricerche) che ha p:
$0 spunto da una idea del
professor Antonino Zichi-
chi, é partito con la prima
installazione di rivelatori
nelle scuole nel 2008. Oltre
al notevole interesse scien-
, EEE é anche un'oc
sione per coinvolgere ¢ a
viare gli studenti a una ve
Ta attivita di ricerca scien-
tifica sul campo. L'oggetto
distudio dell’esperimento
50n0 i raggi cosmici che
raggiungono la superficie
terrestre, attraverso una
rie di rivelatori istallati
presso 50 istituti di istru-
zione su)

Pacinotti, Alberti e Miche-
langelo dn Cagliari, ed il li-

ceo Brotzu e |
Quartu.

toni e nuclei legge
provengono dagl angoli
lontani del co:
I'impatto con

sciami di par
ro volta raggiungono la su
perficie terrestre. Fra que-
ste particelle le piti abbon
danti sono i muoni, parti-
celle simili agli elettroni che
al livello del mare sono cir-
¢a 100 per metro quadro al
secondo. Il loro numero v

a quota, ma v

!

a
ra essi possiedono ancora
sufficiente energia da attra-
i strati di ro
erimenti
di fisica fondamentale sono
istallati sotto le montagne
proprio per schermare il
usso di muoni, é quindi
importante  conoscere
quanti muoni riescono a |
penetrare la roccia a una
certa profondita.
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zione in sicu
2a di simili misurazioni
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di carbone
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menti scientifici mmmm
anee come le no
nsente di ri-
q ziosi inve
stimenti del passato, in mo
do educativo e moderno,
permettendo di manten
e utilizzare le competenze
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THE NURAXI FIGUS - SERUCI
MINE COMPLEX

« Why here?¢
« Active mine, no more extractions
Winze (“discenderia”)-> easy to transport material
Electric current steady supply
Staff availability : project ARIA
Geological depth profile

C.Cicald,S.Boi,G.Serri
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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 (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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UNDERGROUN

MEASUREMENT

Ongoing measurement n.5

D
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e Selected levels:

» Surface (+100 m above sea level
THE A.S.L.) out of the mine enfrance

MEASUREMENTS > -174m (-78 m AS.L.)
> -250m (-148m A.S.L.) NEW
» -339m (-259 m AS.L.)
> - 500m (-397 m AS.L.)




RESULTS OF
ONGOING
MEASUREMENTS
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BETWEEN TWO SUBSEQUENT EVENTS

Full statistics (0 m below ground level)
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AeaUsion e 792592005 DISTRIBUTION OF TIME DIFFEREN

BETWEEN TWO SUBSEQUENT EVENTS

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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Third level inside the mine.. o
Acquisition time(fragment,S.Boi
14/01/19) 8d=6.79-10%s
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Cosmic Box 7 (-512 m below ground level)

DISTRIBUTION OF TIME DIFFEREN
BETWEEN TWO SUBSEQUENT EVENTS

Full statistics (-512 m below ground level)
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IRIBUTION OF TIME DIFFEREN&

BETWEEN TWO SUBSEQUENT EVENTS

Fourth inside the mine.. Acquisition M) |S
| time 25d=2,16-10¢(partial)

-ABORTED-

-250 m below ground level
No daq file registered

Abnormal count on one
cosmic box

No event fime stamp to
identify and fix the singularity
(cfr. S.Boi last report)

o But still..
« CB/ 3517
« CBI1 156790 222
« CB14 2547

C.Cicald,S.Boi,G.Serri




Depth (m)
0

174

250 (NEW)
339

500

C.Cicald,S.Boi,G.Serri

Rate (Hz)
3.83
5,42e-03

4,21e-03

1,13e-03

8,0e-04

Error

0,16e-03
0,05e-03
0,04e-03

0,4e-04
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SIGNIFICANCE
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339
512
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RESULTS: RATE

Measured rate w.r.t. rock overburden
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Normalized rate
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NORMALISED RATE

Measured rate normalized to the ground level w.r.t. rock overburden

....... .Prellmmary
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400 500 600
Rock overburden [m]
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Rate suppression w.r.t. rock overburden
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COMPARISON ON
EXPECTED RATE

Muon flux vs overburden

A Proposed DUSL Homestake
e  Current Laboratories

WIPP
1), m?s s s
Jgh), (2 ] oudan

Kamioka

Gran Sasso

Muon Intensity, m? y !

DUSL - Homestake Baksan

(Chlorine) Mont Blanc

Sudbury

|
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Depth h, [m, standard rock] DUSL - Homestake

DUSL - Homestake
(Deep Option)

T T T

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).




NORMALIZED RATE =
COMPARISON TO
PYHASALMI MINE

Normalized rate w.r.t. depth (m.w.e.)
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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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-263.63m s.l.m.

+80m s.l.m.

NURAXI FIGUS
A
SERUCI

PRODUTTIVO]

s r=378,58m.s,.m,
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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 Pyhdsalmi 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 variationse)
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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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