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Effetto Forbush

Istituto Nazionale di Fisica Nucleare : Grafico Flusso Corréetto (Epurazione 3sigma)
Sezione di Torino

- ' 3
Oulu Neutron Monitor ' '

a 2013-63-11 d06:00 — 2013-85-27 23:59 UT. Resolutilon; 1448 mins. Average count rate; 6286.31
x . ] .
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: COSMIC SCOUT

2NN
ari a EEE
grandi passi avanti

— Adatto a studenti licei ed |
— Possibili alt e%nisure con hardware-addizipnale (velocita dellaluce)
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— Lettura dg ' aptop via USB o yia bl etooth. Registrazione su SU



(NN COSMIC/SCOUT

Istituto Nazionale di Fisica Nucleare
Sezione di Torino

* AdVANSID NUV 4S-P, 4x4 mmz2

* Scintillatore BC408 o Ej200 (65%
antracene)

Transconduttace

amplifier * Arduino Nano
SiPM '

Pl : SR - Timestamp UBLOX Neo-M8T

BN - TDC Texas TDC 7200 (50 ps
s risoluzione>500ns range)

“\Alimentazione a*hatteria al Li con
,’p sibilita di ricarica~con i
| caricatori portatili per tetefonini
et L, M ° \Bluetooth &-USB

i ° |’ 1 . 0
COSMIC SCOUT i Memorizzazionedatisu microSD
A. Maggiora . c A _
INEN - Torino Misura ampiezza conpeak

Arduino nano pro

ensing e tempo con GPS
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@ Un po’di calcoli

are (da/PGP) & 180 cosm m2 s-1 =

* |l flusso di raggi cosmici a livello del
0.018 cosm cm2 s-1 = 10800 co

* Su una singola tile 15x15 cm='5
* Se mettiamo in coincidenza ¢ (¢ sgout, Ilangolo selido sotteso dipende

i
| 4 cosm/ss— t, =250 ms

* | conteggi quindi'si-riducono a:
— 28 — 4 x 0,072 = 0,3 cosmici/s
- 13 >4 x0,19 =

18 cosm/min
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Simulazioni cpn FLUKA

uniformita
problematica

Beam position/

Disegno semplificato — costi ridotti
Picco emissione 425 nm
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V&R Simulazioni con FLUKA

Istituto Nazionale di Fisica Nucleare
Sezione di Torino

6.0 Y=-6.0

Optical photon - beam X=-
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Optical photon - beam X=-6.0 Y=-6.0

10
X [cm]

100000 10

10000

& 131 phot/pr j

Optical photon - beam X=-6.0 Y=-6.0

configurazione

“wave-guide”

Beam position

10000

Misurati al
CERN : 20
photoelettronl

Optical photon - beam X=-6.0 Y=-6.0

100000 10

10000

1000

Optic

al photon - beam X=

+6.0 Y=-6.0

i

Optical photon - beam X=0.0 Y=0.0

100000 10 10000
10000 5 {10000

E
1000 S 0 1000

>
100 5 100
10 10 T - 10

10 5 0 5 10
X [cm]




INFN
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o

scintillatore

ELJEN TECHNOLOGY
1300 W. Broadway, Sweetwater, TX 79556

ww.eljentechnology.com e eljen@eljentechnology.com

-235-4276 e Fax: (325) 235-0701

Toll Free (1%5A)- _200- .

ROP 00 04 08
Light Output (% Anthracene) 64 68 60 65
Scintillation Efficiency (photons/1 MeV\{le’) | 10,000 1b,400 9,200 | 10,000
Wavelength of Maximum Emission (nrh) 425 08 435 423
Light Attenuation Length (cm) 380 60 400 250
Rise Time (ns) 0.9 D.7 1.0 0.9
Decay Time (ns) 21 .8 3.3 2.4
Pulse Width, FWHM (ns) 25 2 4.2 2.7
H Atoms per cm? (x10%) 517, .15 517 5.17
C Atoms per cm? (x10%) 4.69 4.68 4.69 4.69
Electrons per cm? (x10%) \| 333 / 333 | 333 | 333
Density (g/cm?3) 1.023 1.023 1.023 1.023
Polymer Base Polyvinyltoluene

Refractive Index

Softening Point

Vapor Pressure

Coefficient of Linear Expansion

Temperature Range

Light Output (L.O.) vs. Temperat
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AMPLITUDE

EJ-200 EMISSION SPECTRUM

l 4 SAINT-GOBAIN

Saint-Gobain Crystals

P———

BC-400
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BC-416
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*The typical BC-400

100

80 [—

40 |—

Relative Light Output

N

: N
/ 423 nm

400 420 440 460 480 500

A M agg ior Wavelength, nm

Principal Uses/Appli et T Al Bl
Scintillation Properties

Light Output, %Anthracene 65 68 64 60 38
B@(::‘WT\'mVe,wnsﬂw 0.9 0.7 0.9 1.0 -
Decay Time (ns) 2.4 1.8 21 5.3 4.0
Pulse Width, FWHM, ns 2.7 2.2 ~25 4.2 53
Wavelength of Max. Emission, nm 423 408 425 434 434
Light Attenuation Length, cm* 160 140 210 210 210
Bulk Light Attenuation Length, cm 250 160 380 400 400
Atomic Composition

No. H Atoms per cc (x10%) \ 5.23 5.21 5.23 5.23 5.25
No. C Atoms per cc (x10%2) \ 4.74 4.74 474 4.74 473
Ratio H:C Atoms \ voz J| 100 1104 1104 1710
INo- IofE|ectigi i al =i iriais \3.37 3.37 3.37 3.37 3.37

casMc with edges polished as measured with a bialkali
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NEN SiPM
et  AdvanSiD — ASD-NUV4S-P
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Breakdown controllato

60% fill factor
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?
o
©

40X40 um
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Fig.1 Typical reverse IV curve (ASD-NUV1S-P).
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Fig.5 Gain of NUV-SiPMs as a function of overvoltage.

n. medio fotoni: 141
* Foto-accoppiamento: 90%
500 550 600 650 700 750 : EffiCienza quantica: 42%

Wavelength (nm)

Fig.8 Photo dete|
a function of wa
included).
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Numero medio fotoelettroni 53
(misurati: 20)
A. Maggiora

Breakdown voltage (V)

—! 26 mV/°C

"3 20 -0 0O 10 20 30 40 50 60
Temperature (°C)

Fig.3 NUV-SiPMs breakdown voltage temperature
dependence.




measurements

INFNI A aZiC -

[ 50, 100 150 A

Voltage (mV)

0.1
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INF Simulazioni PSPICE

ssliesdi=&dblla circuiteria accessoria e constant-fraction discriminator

AM ISIPM 12.8e-6 524.8e-6 51.2¢-6 8 Il %
RAM TestPulse 0.14.6 0.5 w O
estPulse} 11.4n 1000 100n 500n) = _8 0 "
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0> 100n$ g . 2.2p - I Da 1 a 40 fotoelettroni, passo 4 fotoelettroni
c12 R20 R2 & Ly Constant-fraction-discriminator
| LT3461
1 ] +—— SHDN
V5 1p 1K 2.4K 5 = &
R19 o =
o # J7
50R > %
tran 40m
Lu10
h Vmin =temp 0,282+1+25V=317V->30V
F in = ,28.2+1+25V =31,V >
" § LT1807 R1 Vmax = temp 40, 29,30 + 5 + 2.6 = 36.9V > 38V step param VDAC 051
=] 2 | param VDAC=0 ore 2o s o T P T P
]
g ° . .
i m I
y IM. a Soglia
1K e B - A
CONT VvCcC
RES L]
DISCH ouT t_f t
F P resdout [ ant-fraction
. i TRIG__ GND i with constant fraction discriminator 3 :
8 - NE555 47 H SiPM G = 3,5x10%6 v A
W 1 photoelectron = Ipulse = 12.8x10%-6 A

da1a40 , step 4

m
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g
8
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NEO-M8T
12.2x16.0x2.4mm
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NEO/LEA-MS8T

u-blox M8 GNSS timing modules

‘oduct selector

Model

Category

PS

Interfaces Features

Standard Precision GNSS

High Precision GNSS
Dead Reckoning

Carrier phase output

DDC (I*)C compliant)
Programmable (Flash)

GLONASS
Number of
Concurrent GNSS
27V-36V
Data logging
Additional SAW
Additional LNA

Frequency output

Professional

Automotive

NEO-MS8T

LEA-M8T

.
w
.
.
.
)
.
.
.

| A

A. Maggiors

T

T

N | Timepulse

/A

Active antenna design using VCC_RF pin to supply the active antenna

Antenna

Active
Antenna A1

Coaxial Antenna
Cable

C biasT 10 Ohm

10 nF

Figure 9: Active antenna design, external supply from VCC_RF

u-blox M8/8 module

UBX-M8030

(option) (option)
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Istituto Nazionale di Fisica Nucleare
Sezione di Torino

— Risoluzione in posizione: 2,5m
— Aggiornamento dati: fino a 54z

— Time pulseditter: £11ns

— Ricevitore: up to 72 chanr
— Sensibilita: -167 d
— Interfaccia SP| o UART,

— Disponibilita sistema di yalutazione e svi
— Parametri memoriz ’Z(n NVRAM per'coldhstart
—-Schemi evaluation-board disponibili' inrete

7-8/2/2018 A. Maggiora



INFN TDC

Istituto Nazionale di Fisica Nucleare i

ccccccccccccccc I TEXAS

INSTRUMENTS TDC7200
SNAS647D —FEBRUARY 2015—REVISED MARCH 2016

TDC7200 Time-to-Digital Converter for Time-of-Flight Applications in LIDAR,
Magnetostrictive and Flow Meters
‘_"1

= Richiede SOLO un clock a 10 MHz

eatures

Resolution: 55 ps
Standard Deviation: 35 ps
Measurement Range:

— Mode 1: 12 ns to 500 ns
— Mode 2: 250 ns to 8 me
Low Power Consumption: 0.5 yA (2 SPS)
Supports up to 5 STOP Signals

* Autonomous Multi-Cycle Averaging Mode for Low
Power Consumption

*  Supply Voltage: 2Vto 3.6 V
» Operating Temperature —40°C to 85°C

» SPI Host Interface for Configuration and Register
Access

Device Information("
PART NUMBER PACKAGE BODY SIZE (NOM)
TDC7200 TSSOP (14) 5.00 mm x 4.40 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

7-8/2/2018 A. Maggiora



INFN Arduino e displa

Istituto Nazionale di Fisica Nucleare

Sezione di Torino

Features

* USB 2.0 Full-speed/Low Speed Device Module with Interrupt on Transfer Completion

e Complies fully with Universal Serial Bus Specification Rev 2.0
» Supports data transfer rates up to 12Mbit/s and 1.5Mbit/s

¢ Endpoint 0 for Control Transfers: up to 64-bytes

c)
¢ Six Programmable Endpoints with IN or Out Directions and with Bulk, Interrupt or Isochronous ’—Dw
Digital Communication

Transfers
¢ Configurable Endpoints size up to 256 bytes in double bank mode
e Fully independent 832 bytes USB DPRAM for endpoint memory allocation
e Suspend/Resume Interrupts
* CPU Reset possible on USB Bus Reset detection
e 48MHz from PLL for Full-speed Bus Operation
e USB Bus Connection/Disconnection on Microcontroller Request

e Crystal-less operation for Low Speed mode

7-8/2/2018

Parameter

Name

Program Memory Type
Program Memory (KB)
CPU Speed (MIPS)

RAM Bytes

Value

Flash
32
16
2,560
1024

Peripherals

1-UART, 2-SPI,
1-12C

Capture/Compare/PWM

2 Input Capture, 2

falals B E151VVIV]

Timers

2 x 8-bit, 2 x 16-bit

Comparators

USB (ch, speed, compliance)
Temperature Range (C)
Operating Voltage Range (V)
Pin Count

Cap Touch Channels

A. Maggiora

1

1, Full Speed
-40 to 85
271055
44

14




V)]  Fossibili alternative
Arduino vs STM32

Istituto Nazionale di Fisica Nucleare
Sezione di Torino

SPECS/BOARD STM32F103C ARDUINO UNO
Number of cores 1 1
Architecture 32 bits 8 bits
RISC CPU frequency 72/80 MHz 16 MHz
WI-FI NO NO
Bluetooth NO NO
RAM 20 KB 2 KB :
FLASH 64/128 KB 32 kB Bl STM32 “nucleo”
Busses SPI, 12C, UART, CAN SPI, 12C, UART ii“’_'iff
ADC pin 10 6 L, |
ADC resolution 12 bits 10 bits arm
DAC pin 0 0 Y o

CTM?2R?2 niicleao nin to nin comnatible with Ardiinnno nano s
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(NN assemj)/laggio

Controllo tramite joystick e pulsanti
joystick per cambio display e controllo (es. V..e soglia)

pulsanti “didattici old style”

controllo Batteria al litio

ricaricabile
alta capacita.
Ricarica con
caricatore esterno
da telefonino

AN

Display e-paper

il basso consumo

5| | alta risoluzione
800x600

7-8/2/2018 A. Maggiora N
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* Misura flusso

@ Usi

possibili

e e o
\= =
o \» O
CcC & C
- -
0 o\ o
—h —h \—h
C C
o O &
R IR
O O O
< < <
b O O
N QO 5
= o)
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\ )
o)
-
o®
L)
)
)

Misura dellariduzione del flusso interponendo mtériali, ad es. a diversi piani

A

* Misuradirézigne alto/basso|del cosmico se s ffici' temente distanti
— Affiahcate: 7 ra sciami di xaggihcosmici !

* Coincidenza tramite TDC/e timexstampda GPS

/
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@ Usi possibili,/Il -,)

a ma in Ll&x\\

densita del gas ;
7-8/2/2018 A. Maggiora ‘

Istituto Naziurnalrgrt!ifri;ipa Nucleare

* Uso didattico a livello universi

— A z i
* Misura velo

— In vueto

ari ga
— Correlazione indice di rifrazio

Ha/ della luce

* Verifica déll’'esistenza déll’etére



R costi presumibili per Cosmic Scout

Istituto Nazionale di Fisica Nucleare
Sezione di Torino

— SiPM : € 60,00
— Display : € 60,00
— GPS : € 50,00
— PCB; compong

* Totale: da €400,00 a , |
* Ovvia 'duzion dei gosti per I"rge produzioni

7-8/2/2018 A. Maggiora



INFN Display su laptop tramite
USB o H uetooth

° i collegamento tramite USB o bluetoo ; d u

p rtatile permette

1 2345 6

BOTTOM

123456

START STOP RESET

COINCIDENZA [ :
123456
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INFN conclusioni

Istituto Nazionale di Fisica Nucleare
Sezione di Torino

scuole superiori

* Sivuole produrre u

— Eventuali produzia
‘industria

* Costo prototipe |
— € 40,0/22/wlude materiale per 2 PCB e componenti;.materiale pe
/

pnossibili in collaborazione con

4-scintillatgri/ 10 SiPM, dioditaser e driver,/GPS e GPS evaluation

/
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