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La Scoperta della radioattivita naturale

Antoine Henri Becquerel
(Parigi, 15 dicembre 1852 — Le Croisic, 25 agosto 1908)
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Marie Sktodowska Curie
(Varsavia, 7 novembre 1867 — Passy, 4 luglio 1934)

% The Nobel Prize in Physics 1903

"in recognition of the extraordinary
services they have rendered by their joint
researches on the radiation phenomena
discovered by Professor Henri Becquerel"

"in recognition of
the extraordinary
services he has
rendered by his
discovery of
spontaneous
radioactivity"

Pierre Curie

Marie Curie, née
Sklodowska

Antoine Henri
Becquerel

@ 1/2 of the prize ® 1/4 of the prize ® 1/4 of the prize

France France France

Ecole municipale de
physique et de chimie
industrielles (Municips!
School of Industrial
Physics and Chemistry)
Paris, France

Ecole Polytechnique
Paris, France

b. 1852 b. 1859 b. 1867

d, 1908 d. 1906 (in Warsaw, then Russian
Empire)
d. 1934
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La Radioattivit
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La Scoperta di una radiazione penetrante

Radioattivita naturale
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Gli esperimenti subacquei di Domenico Pacini

93

Durante una serie di esperimenti condotti tra il 1907 e il 1911,
il fisico italiano Domenico Pacini misuro nel porto di Livorno e

sul lago di Bracciano un decremento del 20 % della radiazione .
LA RADIAZIONE PENETRANTE ALLA SUPERFICIE

penetrante alla profondita di 3 metri. ED IN SENO ALLE ACQUE.
Nel suo articolo del 1911 ipotizza la natura esterna di tale Nova oi D. PACINL

radiazione. «Una parte non piccola della radiazione penetrante o e s e s 1010 e
presente nell’aria ha origine indipendente dall’azione delle S e 1 . T s o A
sostanze attive contenute negli strati superiori della crosta iy oot aginluer o
terrestre» qucufii::;;x s sopre liriori. ssprionso che confermano

[ risultati precedentemente ottenuti indicavano esistere,
sulla superficie del mare, dove non & pia sensibile 1'azione
del terreno, una causa ionizzante di tale intensitad da non po-
tersi spiegare esaurienterente considerando la nota distribu-
zione delle sostanze radioattive nell’acqua e nell’ aria.

Difatti, come I'Eve ") ha mostrato, si pud caleolare fa-
cilmente quale dovrebbe essere I'azione ionizzante dovuta alle
radiazioni ¥y emesse da particello attive nell’aria, alla super-
ficie del mare.

Sia Q I'equivalente in Ra. C per em® nell' atmosfera, e-
spresso come in grammi di Radio in equilibrio radioattivo
Q=8> 10"

K il numero di ioni generati per om® al 1" da un grammo
di Radio ad 1 em. di distanza: K == 34 > 10” per I'aria rac-
chiusa in eclettroscopio d'alluminio; K =3,1 > 10" all’aria
libera.

‘) D. Pacini. Ann. dell' Uff. Centr. Meteor. Vol. XXXII, parte [, 1910,
= Le Radiwm, T. VIII, pag. 807, 1911.
") A. 8. Eve. Phil. Mag., 1911,

(Marino, February 20, 1878 — Rome, May 23, 1934) hitps:/farxiv.org/pdi/1101.3015.pdf
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Gli esperimenti in quota di Victor Hess

Tra il 1911 e il 1912 I'Austriaco
Victor Hesse misuro la
radiazione penetrante in quota
utilizzando dei palloni
aerostatici .
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= 15000

Victor Franz Hess
1883 Schloss Waldstein, Peggau
1964 Mount Vernon, New York
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Misura dei raggi cosmici su un aereo di

Valerio Bocci
July 6 at 12:57am

Il buon Victor Hess, nel 1911 misuro il flusso di raggi cosmici fino ad una
quota di 5300 metri a borde di un pallone aerostatico usando degli
elettroscopi & una buona dose di avventurismo. Nel 1936 le sue misure gli
valsero il Nobel per la fisica.

Piu di cento anni dopo grazie ad un tranquillo viaggio in Aereo una misura
con ArduSiPM passando da 10000 Metri e scendendo fino a circa 4000
metri giusto per il gusto di replicare un famoso esperimento.
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La scoperta dell’antimateria
il positrone (1933)

C.D. Anderson nel 1932 in una
fotografia di tracce di raggi
cosmici scopre 1l positrone un
elettrone con carica positiva.
La particella ipotizzata da Paul
Dirac.

Materia Antimateria
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‘.. Elettrone ‘ ’ Positrone »

Protone Antiprotone
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entering positron ﬁ d
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La tomografia a emissione di positroni (PET)

S11keV
Gamma ray

wlabora
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The Nobel Prize in Physics 1936
Victor F. Hess, Carl D. Anderson

The Nobel Prize in Physics
1936

Victor Franz Hess Carl David Anderson

Prize share: 1/2 Prize share: 12

The Nobel Prize in Physics 1936 was divided equally between Victor
Franz Hess "for his discovery of cosmic radiation” and Carl David
Anderson "for his discovery of the positron".

Photos: Copyright © The Nobel Foundation
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Esperimento Conversi, Pancini, Piccioni (CPP) sulla natura del Mesotrone

'anno del suo nobel Anderson e Neddermeyer, con camera a nebbia comandata in campo magnetico, scoprono che
le particelle cariche penetranti dei raggi cosmici hanno massa intermedia tra quelle dell'elettrone e del protone
(mesotrone; m fra 100 e 300 m,.).

Viene chiamato mesotrone e in un primo tempo identificato come la particella prevista dal teorico Yukawa come
mediatore della interazione forte tra nucleoni

Grazie all’'esperimento
Conversi Pancini Piccioni si
M.C.+« ETPANCINI + 0.PlccioN| scopre
: I’errore e si misura il suo
tempo di decadimento.
mesostrone dei raggi
cosmici non ¢ la particella

\ Al di Yukawa
COWED, Je 2 - ® Py Absorber non interagisce tramite
i W Fe or C forza nucleare.
COINCID. t"‘—gg@;#g.k/?b E’ un nuovo leptone ..un
1{«;4,} Velo couuls elettrone pesante.
o IL MUONE

Valerio Bocci IDF-LNF 2017



La radiazione penetrante ...il muone

nome inizale di battesimo mesotrone(*)
(Carl David Anderson, Seth Neddermeyer 1936)

10 000 /min
Who ordered
Muoni THAT!?1?
uoni

Muoni 1t !
(*)In un primo
tempo confuso con
il mesone pi (pione)

1 m?

correttamente
|dentificato nel
1947, rinominato
muone per evitare
confusioni.
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La breve vita del muone.

2.2 Milionesimi di secondo

) ) , . .. . Muon’s
- 4
Meccanica Newtoniana g ' Meccanica relativistica ("T() Po——
A\ 20U 1M A

T=22us

LL 660 metri 2 ()
Earth’s
4700 metri K frame
T=yYT=16 us
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The first Electronic AND Bruno Rossi coincidence
circuit and the discovery of Air Shower.

1.2 Discovery of Extensive Air Showers

It was Bruno Rossi [19], who as early as 1934, had noticed coincidences between
several counters placed in a horizontal plane, far in excess of chance coincidences.
He had noted in one of his papers “It would seem that occasionally very extensive
groups of particles arrive upon the equipment”. The most systematic investigation
on these showers were undertaken by Pierre Auger and his collaborators [20]. They
recorded coincidences between counters separated horizontally by as far as 75 meters.
While the counting rate dropped sharply in going from 10 cms to 10 meters, the rate
decreased very slowly at larger distances.

1 1 ‘

The discovery of air showers

G, Ga Gs Air showers were discovered, more or less by chance, through the

widespread application of coincidence-counter arrangements to the

' 4 cyperimental study of cosmic rays. The devices used to detect coin-

T T T cidences will record as simultaneous the pulses of two or more

i eounters if these pulses arrive within a certain small time interval.

. = This interval, the resolving (ime, was of the order of 0,01 second in

§ % % o the early experiments of Bothe and Kohlh&rster. The development

. ! . T of vacuum-tube circuits of inercasing sophistication eventually

= reduced the rcsolving time to considerably less than 1 micro-

::.:;1 ::lmi:';:t;:x'::o:;d:;’gh‘;";’i‘n sr:“gchx‘:‘)’fsu'::u"z;‘::;n °; second. But, however short the interval, there is always a possi-

conditions, current flows from the positive terminal of the battery B through bility that unrelated particles will eross the counters in such quick
the resistor 1 end three tubes T4, T3, T Lo a ground. This eurrent produces a guccession as to producc a coincidcnc.c.

large voltage drop feross the resistor, and at point A the potential is nearly
that of the ground. When one of the G-M counters, G.. say, is discharged, the

Dr. Valerio Bocci INFN
3 Feb 2017 FERMHAMENTE ¥y



Gli Acceleratori di particelle

Dagli anni 50 | fisici delle particelle hanno pensato di costruire | loro produttori di

raggi cosmici.

Energies and rates of the cosmic-ray particles
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Cosmic Ray

In the universe exist Big Particle Accelerator
more powerful of LHC at CERN.

These accelerator shoot cheap particle bullets
(tipically protons or iron nuclei).

Some of these bullets reach our Earth

Birthplaces of Cosmic Rays

1<<<

JETS FROM ACTIVE
GALACTIC NUCLEUS

\ SUPERNOVA ACTIVE GALACTIC s

REMNANT NUCLEUS Dr.Valerio Bocci INEN Roma
Matinees di scienza 21 Apr 2017 LNF
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SOURCE




The Earth Magnetic Field Our
Shield

Sometimes particle coming from the Sun
can traverse the Magnetic Field

g i ;
BSelar Energetic Particles

(Solar Particle Events or

Coronal Mass Ejections)

Auroras are produced when the magnetosphere is
sufficiently disturbed by the solar wind that the
trajectories of charged particles in both solar wind

and magnetospheric plasma, mainly in the form of
electrons and protons, precipitate them into the upper
atmosphere. (Wikipeda)




The search of Ultra Energetic Cosmic Ray
E> 1017 eV

On February 22, 1962, John
David Linsley observed an air Pierre Auger Observatory (Argentina)
shower at Volcano Ranch

created by a primary particle
with an energy greater than

p o TR N
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La misura dei raggi cosmici ad alta energia
(UHECR)

Uno degli argomenti aperti dei raggi cosmici & quale &
il limite massimo della loro energia , secondo la

teoria i raggi cosmici sopra 5x10% eV di energia (GZK
cutoff) non possono viaggiare per percorsi lunghi a causa

dei processi di interazione con la radiazione di fondo (CMB),
si aspetta quindi secondo la teoria da dimostrare
sperimentalmente che tutte le sorgenti sopra il GZK cut off
siano ad una distanza inferiore ai 50-100 Megaparsec (1 Mpc
circa tre milioni di anni luce).

Dec. (deg)

L p—

K. Kawata, University of Tokyo Institute for Cosmic Ray Research
Of the 87 cosmic rays surpassing 57 EeV detected
thus far by the Telescope Array, 27 percent come
from 6 percent of the sky. The hotspot centers on
the constellation Ursa Major.

Dr. Valerio Bocci INFN Roma
Matinees di scienza 21 Apr 2017 LNF



Breaking News from Auger Observatory

RESEARCH 0.45
SC|ence COSMIC RAYS
Vol 357, Issue . o
- Observation of a large-scale anisotropy .

L4 4 L4 . L4 3
22 September in the arrival directions of cosmic - otz o

18 @

2017 rays above 8 x 10° eV <
Ta ble Of The Pierre Auger Collaboration*{
Confents Cosmic rays are atomic nuclei arriving from outer space that reach the highest energies

observed in nature. Clues to their origin come from studying the distribution of their

arrival directions. Using 3 x 10* cosmic rays with energies above 8 x 10'® electron 0.38

volts, recorded with the Pierre Auger Observatory from a total exposure of 76,800 km?
sr year, we determined the existence of anisotropy in arrival directions. The anisotropy,

detected at more than a 5.2¢ level of significance, can be described by a dipole with an . . . : : - B ;
amplitude of 6.5'L3, percent toward right ascension g = 100 10 degrees and declination Fig. 2. Map showing the fluxes of particles in equatorial coordinates. Sky map in equatorial

34 = 242 degrees. That direction indicates an extragalactic origin for these ultrahigh- coordinates, using a Hammer projection, showing the cosmic-ray flux above 8 EeV smoothed with a
energy particles. 45° top-hat function. The galactic center is marked with an asterisk; the galactic plane is shown
by a dashed line.

0.46
2MASS Redshift Survey

=
3
J [
180 |- 0.42 g)‘I
o
q|

0.38

Fig. 3. Map showing the fluxes of particles in galactic coordinates. Sky map in galactic
coordinates showing the cosmic-ray flux for E = 8 EeV smoothed with a 45° top-hat function. The
galactic center is at the origin. The cross indicates the measured dipole direction; the contours
denote the 68% and 95% confidence level regions. The dipole in the 2MRS galaxy distribution is
indicated. Arrows show the deflections expected for a particular model of the galactic magnetic
field (8) on particles with £/Z = 5 or 2 EeV.

Valerio Bocci IDF-LNF 2017



Muon tomography

Scientists Discover Massive Hidden

Chamber Inside Great Pyramid of Giza imaging the core of fukushima

reactor with muons
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Some technics to detect ionizing particles

Scintillation materials Cherenkov effects
Tubo Geiger

Tappl in sughera

/ {molto isolanti) \ cunmmsa(uw «u

—_ Lo
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o,
Camoge
R —l/l
E
=1 Generatoredi |+ 400-B0DVois Out p-u

Alta Tensione

Ogni scarica ne lgas
cjeuera un impulso
negativo di circa 50uS
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Using Scintillation materials

The use of scintillation materials is not for everyone in
the past.
The only way was to use photomultiplier.

The Photomultiplier (1934).

Based on Photoelectric effect (1921 Einstein Nobel)
and electron secondary emission.

The Photomultiplier are expensive and need high
voltage(1000 Volt).

Dr. Valerio Bocci

IT Maggio 2017 regaime Sots




S1PM
(Silicon Photo Multiplier)

The idea behind this device is the detection of single photon events in
sequentially connected SiAPDs.

T
‘{<
<
<

The dimension of each single APD can vary from 20 to 100 micrometres, and

o [ # Microcells
j their density can be up to 1000 per square millimeter.

m # Q Elements
mn+

=P
= p+

Every APD in SiPM operates in Geiger-mode and is coupled with the others by
a polysilicon quenching resistor.

A MA—it—] W —i—
;-:f
FW—it— A W]

j::
2
A
|

‘|}—\NV‘

Although the device works in digital/switching mode, the SiPM is an analog
device because all the microcells are read in parallel making it possible to
generate signals within a dynamic range from a single photon to

1000 photons for just a single square millimeter area device.

The supply voltage (Vb) depends on APD technology used, and

typically varies between 20 V and 100 V, thus being from 15 to 75 times lower
than the voltage required for a traditional photomultiplier tubes (PMTs)
operation.




s it possible to build a complete particle detector
and data acquisition system using Arduino
microcontroller and Arduino Language ?

b 9
ﬂf

Custom Electronics Arduino DUE

Scintillator Photons Sensor ArduSiPM Shield .
\ (SiPM) I \ (Ardusi ield) ArduSiPM Software I

| \
Particle Detector ArduSiPM

Dr. Valerio Bocei ==
IT Maggio 2017 re=mganmed. Sk




How to build a Scintillation detector with SiPM(1/2)

Attaching a SiPM to the scintillator with the scotch

Package with cooking alluminium foil

Dr. Valerio Bocci
17 Maggio 2017 et Suke




How to build a Scintillation detector with
SiPM(2/2)

Using a black tape to avoid extenal ligth.

Dr. Valerio Bocci
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Application Example 1:

Intraoperative - Detecting Probe

v SCIENTIFIC
| REPLIRTS

A novel radioguided surgery technique
exploiting - decays ArduSiPM

E. Solfaroli Camillocci, G. Baroni, F. Bellini, V. Bocci, F. Collamati, M. Cremonesi, E. De Lucia, P,
Ferroli, S. Fiore, C, M. Grana, M. Marafini, |. Mattei, S. Morganti, G, Paganelli, V. Patera, L. Piersanti, L.

Recchia, A. Russomando, M, Schiariti, A. Sarti, A, Sciubba, C. Voena &R. Faccini

Beta- Probe

\
SIPM JW{ Control and readout
e App
¥  Radioguided intraoperative beta probe, with
v % .e' scintillation material coupled with SiPM detector.
e

Dr. Valerio Bocci INFN Roma
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Application Example 2:
Use of ArduSiPM in the CERN UA9 and CRYSBEAM activity

(substitute old Scintillator and electronics for PM) URS

. PNy

A P

) {Z/ \
5\

VZ

- As beam losses counter @ SPS

erc == o This work has been supported by the ERC Ideas Consolidator Grant Dr. Valerio Bocci INFN
No.615089 “CRYSBEAM”. 3 Feb 2017 FERMHAMENTE ¥y



A School made Cherenkov light detector

(Winner of CERN “A beamline for schools”2017)
LICEO SCIENTIFICO STATALE T. C. ONESTI (prof Maria Rita Felici)

1.:0 Maria Rita Felici
'm__g 17 hrs- ©

Riordinando foto e materiali di un'esperienza fantastica! ! Anche ai
canadesi abbiamo mostrato I'ArduSipm!! #bl4s #TCOASA Valerio Bocci
Paolo Francavilla Ina Carli

Wqter Box

Cherenkov
Light

SiPM Particle Beam
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An educational distributed Cosmic Ray detector network
based on ArduSiPM using microcontrollers as data
acquisition node NTP protocol as time distribution and loT

technology for data aggregation.

Valerio Bocci , Giacomo Chiodi, Paolo Fresch, Francesco lacoangeli, Luigi Recchia

INFN Roma, Piazzale A.Moro, 2 - 00185 Roma
valerio.bocci@romal.infn.it

The advent of microcontrollers with enough CPU power and with analog and digital peripherals give the possibility to design a complete acquisition system

7% nd Internationa | Co nfe rence on in one chip. The existence of an workd wide data infrastructure as internet allows to think at network of d capable to elat and send
3 - e % 3 data or respond to settings commands. The internet infrastructure allow us to do things unthinkable a few years ago, like to distribute the absolute time
(_, C) rn F) Utl nq | n H |(] } 1 E ne r(_]y a” d N UC I ea [ Phy ‘ |(" S with tens of mi\lisec.onds precision to simple devices far apart from a few meters to thousands of kilometers and to ¢reate a Crowdsourcing experiment
' -z -~ 7 - platform using simple detectors.
October 10-14, 2016

communicate using the internet .
The MQTT ( Message Queue Telemetry Transport ) is one of the main protocol
used in loT device for data transmission aver TCP/IP, the cliont version can run

The ArduSiPM (1) is an easy hand-held battery operated data acquisition

Marriott Marquis, San Francisco, CA, USA p— e
(A
- e =
sener
WOSEM
Vet Service
hrdsseu|
N
e \ v Cryvta
N ©
\(} L CERN Ficardo e, Bierce tirs
' Chis Rehal CNRS? [ MeF3
g J;‘ wp«—,n&_ll.u ‘/ The terms of 1eT (Internet of Things) define a set of data communication
A Clark T hm‘fm' — protocols and the capability of single embedded electronics objects to

X L i i, LENL system based with &n Arduino board, which s used to detect cosmic rays

The CHEP conferences address challenges in dmputing, networking and software for
the world's Jeading data-intersive s denosexperiments that currently analyzs tnndreds
petabytes of data using highly distributed worldwide coraputing resouross.

CHEF 201 € will explore the increasing iraportance of the computing-related cormections
between high-erergy and nuclear physics and data-intensive astronoray, X-ray scencs
and mmputational s dence.

The CHEF conferences are held at 1 &monthintervals. Reoent conferenoss tock plaos in
O Arasterdarn and New York CHEP 2016 will take place an October 10-14, 2016

Lawr.
Conerence Services

pericental and

enizars expact

and nuclear radiation, The ArduSiPM uses an Arduino DUE (an open
Software/Hardware board based on an ARM Cortex-M3 microcontrollar)
as processor board and a piggyback custom designed board (Shield),
these are controlled by custom developed software and interface. The
Shield contains different electronics features both to monitor, to set and
to acquire the SiPM signal using the microcontroller board. The SiPM
photon counting detector can be coupled to a cheap plastic scintillator
to realize a cosmic ray detector (mainly muon particles|. An ArduSiPM
channel give informations about rate of events, arrival time and number
of photons produced by muons, it contains all the feature from controls
to data acquisition typical of High Energy Physics channel at a cost
effordable for single user or school.

@
B0 #1 o, EEE NSS/MIC 2006 Pages 1 -5,
DO 10.1108/NSSMK 291676132 316117814

easily in nowadays microcontrollers, the MQTT broker (the server version) can

run also in credit card-sized single-board computers as well in big server.

ESP8266 MQTT, NTP and
WiFi processor

The ArduSIPM sends data over rs232, the Wifi Processor elaborate the data and
send them using the MQTT protecol to the server. We use as network processor

the Espressif ESP8266 a low-cost Wi-Fi chip with full TCP/IP stack and a 32-bit

RISC CPU running at B0 MHz, The ESPB266 can be used to send and configure

MQTT packets,NTP request and configure ArduSiPM device,

ArduSiPM web configuration pages.

"o
ArduSiPM Home Page ArduSiP M
Wi seutings Wifl Configuracion page
anm RN
MC settimgs o
Using Netwark Time Protocal (NTP] the absoluts time from the : 5

network, with a precision of tens milliseconds. The network time
<an be used from a cloud of ArduSiPMs to detect offline
coincidence events linked to Ultra High Energy Cosmic Ray

Heme Page




Search of cosmic Airshower in a wide area using
ArduSiPM

Multiple ArduSiPM can be used for the
research extended AirShower s l Cosmic Ray Shower
; p

o Local Clock
3

The advent of microcontrollers with enough
CPU power and with analog and digital
peripherals give the possibility to design a
complete acquisition system in one chip. The
existence of an world wide data infrastructure
as internet allows to think at distributed
network of detectors capable to elaborate and
send data or respond to settings commands.
The internet infrastructure allow us to do
things unthinkable a few years ago, like to
distribute the absolute time with tens of
milliseconds precision to simple devices far
apart from a few meters to thousands of
kilometers and to create a Crowdsourcing
experiment platform using simple detectors.

NTP request.
MQTT DATA

NTP request.
MQTT DATA

e\ Local Clock
NTP request

MQTT DATA ﬁ

.""" Local Clock

ccccc

NTP request
MQTT DATA

wwwwww

Dr. Valerio Bocci INFN Roma
Matinees di scienza 21 Apr 2017 LNF



ArduSiPM measuraments

1 Sec

A A

\ 4

- >
>y ld

t1 t2 t3

We split the measuraments in 1 second windows,
acquiring number of pulses, amplitude and time of each one.

Using a 200K Bits/s serial stream

s I

[
Lt}

t4

Data Stream example:

Only rate:
$10
$50
$244

ADC+Rate:
v1Fv1Dv22v27v1Dv19v20v23v20v1iCv1Ov1FS12
v18v1EV1EV1IBvVv1Ov1Bv29v19v1Av1iDv1Bv1Dv2Av18vIiBS15
v15v20v21v21v1Dv1Fv1Av1AvIASO
v19v17v1Bv18v1Cv1Dv1DS7

TDC+ADC+RATE :
taedvatafOv7tv9ov3s3

Legend:

vXXX ADC Value in HEX MSB zero suppressed
tXXXXXXXX TDC value in HEX MSB zero suppressed
$XXX rate in Hz

We can meausure and dump (depending from amplitude and distribution of pulses):

* Only the frequency up to 40 MHz
 ADC value up to 4-6 KHz
« ADC, TDC and rate 1 -2 KHz

Using the SAM3X8 built-in ethernet it is possible to increase data acquisition performance.

Valerio Bocci IEEE NSS/MIC 8-15 November Seattle




The ArduSiPM Data format is open...Users can write custom programs for data aquisition and visualization.

Example 1. ArduSiPM Acquisition Tool by Filippo Curti (Filippo.curtil@gmail.com)
(written in CH, fast running also with high rate, at the moment poor in documentation freeware)

35 ArduSiPM Acquisition Tool [SN=10263 HVCODE=83 Vop=57,15]

ArduSiPM  Visualizers  Acquisition  View

Parsing Time: 3us
Displaying Time: 21ms
Conupted Packets: 1

Real Time Plotting: TRUE

o Lv. [E[E]==]

Live CPS [Hz]

2

a5 RawSerial
File

== e

t34BCOVCDtS04FDvCCtB2921vCBtDOCCIVCDS4
37us  15710us

S0

20us 21728us
t79260vC7$1
29us  49464us
t34BACVCBS1
2%us  14610us
S0

22us  5510%us
t19D3CvC51363vCBt5E3DFVCAS3
34us  41677us
t75105vC7D758vCCS2

3lus  17362us

File
250

200

150

100

50

o

40 0
Time [5 x0.01]

80 70

File  Range
45

35

130 i 210 230
<]

<
ArduSiPM: Connected Mode: CPS + TDC + ADC

>

Valerio Bocci International Cosmic Day 2017



BB ArduSPM Monter
Comnection  Collecting data  Datasaving  Settings  Info

rtekoBe €

Summary collection report
Local date and tme yyyy/mm/idd b dd sa)
200207233940
Callecton time:

0 | o 24
b m :
Average frequency of recorded everts
0833 Hz
"“*“?‘,"“f?“"‘
1(8 avs)

M recorded court
Icps (2 evs)
Detected paties sum
20

Paticies deraty

ArduSIPM board at  COM3 connected | Baudrate = 115200 | Data collecting stopped | Cumrent view mode: Cps+ TDC+ADC | Neut view mode: Cps TDC+ADC | DVM

Example 2. ArduSiPM Monitor by Ciro e Dario Chiaiese (cirochiaiese @gmail.com)
Written in VisualBasic (slow good for cosmic and low rate source) well documented.

Partiches coun|

Events 4 ngltnde

Detected counts

Single count events

24

Everts tme (13)

Froquoces

Parscles courts

>10

ArduSiPM Monitor 1.2.0.2

realizzato da Ciro ¢ Dario Chigiese

GUIDA UTENTE

Questo software € stato realizzato per interfacciarsi con la scheda ArduSiPM (da cui
il nome) equipaggiata con firmware 2.1.5. Non ¢ stato testato sul firmware precedente
¢ probabilmente andrebbe in errore. Si sconsiglia assolutamente di tentare di usare il
software con altn tipi di schede (la qual cosa non avrebbe alcun significato, fra
I"altro).

Il programma ha una funzione di riconoscimento della corretta versione di scheda (

°
—*_ Autodetect) che ¢ fortemente consigliata. E* comunque possibile usare il

manually detect ( w ) per visualizzare tutti 1 dispositivi connessi alle USB e
scegliere la porta cui é collegata ArduSiPM.

A connessione avvenuta, si pud richiedere di raccogliere e graficare 1 dati tramite
apposito pulsante (&.) o voce di menu. La raccolta che si richiede puo,
precedentemente. essere stabilita in 4 diverse modalita, in seguito descritte, dal menu
Settings/Measurements. Le modalita piu ricche d’informazioni hanno una raccolta
dati con frequenza piu bassa (perché richiedono piu tempo). La durata della raccolta
puo essere prima stabilita con un timer (in s) o fermata manualmente. Appena inizia
la raccolta vengono visualizzati 1 grafici dei conteggi delle particelle rilevate per ogni
secondo (Cps) e, sotto, & riportato il grafico delle frequenze dei conteggi registrati (1
conteggi superiori a 10 sono accomunati in un’unica classe di frequenze “>107)

e o
- . — e

NN

|
{
|
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The ArduSiPM in the World




ArduSiPM Social Media

facebook LU https://www.facebook.com/groups/ardusipm/

group +

@ardusipm

*& @ArduinoSiPM

i - -'1]_,‘.‘,‘,,- a5

C
G lee https://groups.google.com/forum/#!forum/ardusipm

Groups



