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Travelling with Cosmic Box
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Why measu jment§

undergro A\
\
* It is a study of muon flux attenuation (same~process of altitude
measurements, but with different matertals) e

LIPS
o=

* Many studies of muon flux underground

* It could be an interesting information for the particulér exp'-erir'nental
site (Nuraxi Figus - Seruci mine complex)

08/03/2019 S. Boi

€



Why Nuraxi Figuf - Seruci?

v, . =2
* Nuraxi Figus — Seruci is a coal mine with more- tha:n?O km of galleries
* No more extractions — alternative (also suentlflc) actNltles in progress
 Electric power (almost!) stable
* Possibility to access both by car and by elevator
e Staff support is available (technicians, safety, geologlsts engineers,...)
* INFN (/stituto Nazionale di Fisica Nucleare) is present: ARIA project
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* 3 cosmic box enclosed in a wooden box
* 1 Raspberry Pi for DAQ
e 1 UPS for backup
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e Scintillator based detec#cﬁr (equipped with

SiPM) enclosed mna Wa‘f’erproof suitcase
* Integrate backup‘battery ' 'Ll!
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Schools inv}ol/ved

Cagliari: i
e Liceo Scientifico «A. Pacinotti» 5 students + 3 teacheﬁ_ |
 Liceo Scientifico «Alberti» 1 student

Cinisello Balsamo (Mi):

é
* Liceo «@G. Casiraghi» 2students + 1 teacher o
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Status of measuements \

PLANIMETRIA GENERALE
Scala ;2004

- 1 measurement outside
- ~48 minutes of acquisition

- 3 measurements underground
- 174 m ~71.5 hours ~ 3 days of acquisition
- 339 m ~ 214.3 hours ~ 9 days of acqusition

- 512 m ~ 1510 hours ~ 62 days of
acquisition --
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Poisson dlstr)!bptlop

Poisson distribution regulate rare events (P <</1) Proce/ss\should have a

\

constant rate A and a large number of events (N >>-1). =
.(-—"" h )

= \ a
o
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Probability (P) to have n events in a fixed time interval:

n
P(n,t) =e™# %, with u = At

In Example: -
* Number of calls received by a call centerina day H_/j; W i
» Number of muons detected by a Cosmic Box 500 meters ﬂ‘ﬁde
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Poisson distr)jbptiop
/

e PN
Time difference distribution ~e ™4 - -

This imply that two events next two each others-arfe: more probable
than with long time difference

Full statistics (0 m below ground level)

Entries 11040

" Mean 0.2632
Preliminary RMS 0.2628
2/ ndf 32.26/33

2776 + 37.3

Events /0.07 s
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Poisson dlstr)!bptlop

a2 /3
Time difference distribution ~e ~*¢ - *—; .
This imply that two events next two each others-arfe: more probable
than Wlth Iong tlme dlffe rence Full statstics (0 m below ground level)

Entries 11040

" Mean 0.2632
Preliminary RMS 0.2628
2/ ndf 32.26/33

2776 + 37.3
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Bad luck never comes alone!!!l
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A few results — Ground level

Full statistics (0 m below ground level)

Events/0.07 5
2
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Preliminary

Entries 11039
Mean 0.2632
RMS 0.2628
%2 / ndf 33.17 /33
N 2777 £ 37.3
A 3.831+ 0.036
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Cosmic Box 11 (0 m below ground level)
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Events/0.18 5
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Preliminary

Entries 3969
Mean 0.7312
RMS 0.7199
%2/ ndf 25.97 / 30
N 1000+ 22.2
A 1.382 + 0.021
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Time difference [s]
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Events/0.20 5
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Cosmic Box 7 (0 m below ground level)

Preliminary

Entries 3517
Mean 0.8253
RMS 0.8298
x2 / ndf 30.97 / 30
N 894.2 + 21.2
A 1.239 =+ 0.021
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Time difference [s]
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Cosmic Box 14 (0 m below ground level)

Preliminary

Entries 3553
Mean 0.817
RMS 0.7953
x2 / ndf 17.24 /25
N 8884 + 21.1
A 1.225 + 0.021
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Time difference [s]




A few resuits - Ground level

Full statistics (0 m below ground level)

Entries 11039
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Time difference [s]
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Cosmic Box 14 (0 m below ground level)

Preliminary

Entries 3553
Mean 0.817
RMS 0.7953
x2 / ndf 17.24 /25
N 8884 + 21.1
A 1.225 + 0.021

1

2 3 4

6 7 8
Time difference [s]




A few resuits @ 174 meters

Full statistics (-174 m below ground level) Cosmic Box 7 (-174 m below ground level)

Entries 1415 Entries 443
. . Mean 185.9 . . Mean 582.5
Preliminary RMS 190.3 Preliminary RMS 609.9
%2 / ndf 28 /24 %2 / ndf 14.67/18
N 336.2 + 13.6 N 110.8 + 8.3
A 0.00542 + 0.00016 A 0.001755 + 0.000106

Events/45.49 5

Events/145.29 s
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Time difference [s] Time difference [s]

Cosmic Box 11 (-174 m below ground level) Cosmic Box 14 (-174 m below ground level)

Entries 492 _ Entries 480
) . Mean 524.4 ) . Mean 537.5
Preliminary RMS 540.6 Preliminary RMS 616.7
%2 / ndf 23.97 /19 ¥2 / ndf 15.51 /26
N 126.1+ 8.8 N 129.8 + 8.7
A 0.002039 + 0.000109 A 0.002079 + 0.000101
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Events /227.14 5

Events / 586.14 5

A few results @ 339 meters

Full statistics (-339 m below ground level)
Entries 849

Preliminary

Mean

RMS

%2 / ndf

N
A

931.6

934.7

24,93 /24
207.1+10.2
0.001131 + 0.000039
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o T

08/03/2019

2000 4000 000 8000 10000 ‘120-00 14000 16000 18000 20000 22000

Time difference [s]

Events/810.26 s

Events/683.84 s

-
(=]
i

-y

o T

Cosmic Box 7 (-339 m below ground level)

Preliminary

Entries 238
Mean 3049
RMS 3061
%2/ ndf 29.41 /17
N 67.76 = 6.83
A 0.0003973 + 0.0000296
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A few resuits @ 512 meters

Full statistics (-512 m below ground level) Cosmic Box 7 (-512 m below ground level)

Entries 6754 Entries 1622
. . Mean 1103 . . Mean 4345
Preliminary RMS 1289 Preliminary RMS 4769
«2 / ndf 432.8 /33 %2/ ndf 67.29 / 26
N 1368 + 28.9 N 397.1+ 15.3
2 0.0008714 + 0.0000145 A 0.0002319 + 0.0000068

Events / 265.16 5
Events/ 1104.11 5
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Cosmic Box 11 (-512 m below ground level) Cosmic Box 14 (-512 m below ground level)

Entries 3047 Entries 2085
. . Mean 2320 . . Mean 3353
Preliminary RMS 2809 Preliminary RMS 4412
*2 [/ ndf 258.3 /31 *2 [ ndf 330.7 /28
N 669.6 = 21.0 N 421.3 + 19.2
A 0.0004117 + 0.0000103 A 0.0002835 + 0.0000110
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Events/858.93 s
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A few results @ 512 meters

Full statistics (-512 m below ground level)
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%2/ ndf 432.8 /33
N 1368 + 28.9
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Cosmic Box 7 (-512 m below ground level)

Preliminary

Entries 1622
Mean 4345
RMS 4769
%2/ ndf 67.29 /26
N 397.1+ 15.3
A 0.0002319 + 0.0000068
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Timestamps @ 512 meters
From 2018-12-05 to 2018-12-13

Timestamps full statistics

Electrical
blackout

=]

Counts / 3.05 hr

%10°
1544 15441 15442 15443 15444 15445 15446 15447
Timestamp (s)
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Timestamps @ 512 meters
From 2018-12-5 to 2019-12-6

Timestamps full statistics
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Timestamp (ms)
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Timestamps @ 512 meters
From 2018-12-5 to 2019-12-6

Timestamps full statistics

Electrical

blackout
+

NOISE!

1548 1549 1550 1551
Timestamp (ms)
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Problems during acquisition @ 51% meters

underground, =

=DAQ STOP
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* A few mice cut electrical wires causing a blackout= =~

s

* DAQ started again without any problem ~

* A second blackout occurred in 2018-12-31 with eIécteragnetic noise
detected by Cosmic Boxes ——

* Other noise was detected by the Cosmic Boxes during next days

08/03/2019 S. Boi 26



Problems @ 51 2 meters

A few mice cut electrical wires causing a blacko'Ut;
* DAQ started again without any problem ~

* A second blackout occurred in 2018-12-31 with eIécteragnetic noise
detected by Cosmic Boxes ——

* Other noise was detected by the Cosmic Boxes during next days

Don’t panic: we can just remove noisy data

08/03/2019 S. Boi 27
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Problems @ 512 meters

Timestamps full statistics
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A few results @ 512 meters - corrected

Full statistics (-512 m below ground level) Cosmic Box 7 (-512 m below ground level)

Entries 4260 Entries 1141
. . Mean 1299 . . Mean 4753
Preliminary RMS 1311 Preliminary RMS 4713
%2/ ndf 30.8/28 ¥2 / ndf 10.4 /21
M 1035 + 23.2 N 281.8 = 12.4
A 0.0007783 = 0.0000126 A 0.000208 + 0.000007

Events/319.08 s
Events/1191.29 5

10

0

[y

1|—

60 10000 12000 o] 5000 10000 15000 20000 25000 30000 35000 40000 45000
Time difference [s] Time difference [s]

Cosmic Box 11 (-512 m below ground level) Cosmic Box 14 (-512 m below ground level)

Entries 1897 Entries 1222
. . Mean 2866 . . Mean 4430
Preliminary RMS 2954 Preliminary RMS 4727
*2 / ndf 34.91/25 *2 / ndf 28.06 / 23
N 487.5 + 16.4 N 311.1+13.9
x 0.0003645 + 0.0000089 A 0.0002331 =+ 0.0000081

20 40

Events/716.53 5
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Results

Measured rate w.r.t. rock overburden

Preliminary

Measured rate [Hz]

-tk
<

m  Cosmic Box

*  Astro

400 500 600
Rock overburden[m]
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Results
Rin/Rout " Rout/Rm

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

Rate supression w.r.t. rock overburden

i
(= }
h

Preliminary

| R{rock overburden) |

Normalized rate

Ri{ground level)

m  Cosmic Box ®  Cosmic Box

* Astro

* Astro

Rate suppression

400 500 600

500 600
Rock overburden [m]

Rock overburden [m]
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Comparison with Pyhasalmi mine
(Finland) measurements

Normalized rate w.r.t. depth (m.w.e.)

I A (uhra)Preliminary

Normalized rate

-k
<

| | More accurate density
[N R O " uncertainty to be
estimated

800 1000
Depth (m.w.g.)
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Conclusiéps

g \\,

/. / N\
* Two detectors (CB + Astro) used to measure muon flux underground
* 4 measurements: 0, 174, 339, 512 meters ur’rderground 2

* CB and Astro measurements fully compatible within the errors

To do:

* Other measurements at different depths are scheduled for the next
months (set up of next site ongoing)

e Reconstruction of the terrain above measurement sites
* A precise comparison with other experiments

08/03/2019 S. Boi
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In flight with Cosmic B

Rate vs Altitude Normalized rate vs Altitude

MNormalized Rate [Hz]
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Estimate acquisjtion time:
preliminary measurements

S. Giovanni cave in Domusnovas (50 km east of Cagﬂaﬂ) h

* two Cosmic Box Sk
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Estimate acquisijtion time:
preliminary measurements

Mo — ‘
e, \ ~a
b

| —

e Rate outside: R=1,38 Hz |
 Rate inside (~100 m, d~2,1 g/cm”3) R = 3,9 mHz
* Rate suppression (inside/outside) ~ 0,003
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Estimate acqui

tion time:
preliminary mes§ it

surements

Depth in m (standard rock) | Acquisition days V/n
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