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BGO with black tape 
+ Reflective Paint

Proton Beam: Carbon Beam: 

70 MeV
120 MeV 170 MeV

220 MeV 120 MeV/u

190 MeV/u 330 MeV/u

400 MeV/u

260 MeV/u

20 μm
15 μm coupled to

Beam Test Overview
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BGO

Reflective Paint
Black Tape
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30 channels
DigitizerBGO (24 cm)

Beam

Power supply

Readout 
Board

BGO backside 

SiPM Tile backside 

Experimental Setup

SiPM
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SiPM Tile from FBK 
pitch: 15-20 μm

breakdown voltage: 28 V 
bias voltage: 34 V

SUM

External 
Trigger
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m SiPM arrayµLinearity - Amplitude Analysis - 15 

Protons, m: 0.8825 ; err_m: 0.0290 

Carbons, m: 0.6525 ; err_m: 0.0045 

m SiPM arrayµLinearity - Amplitude Analysis - 15 
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Linearity
Linearity - Amplitude Analysis - 15 µm SiPM array

“Calibration of CsI(Ti) scintillators for heavy ions  
(3 ≤ Z ≤ 54) in a wide energy range (E/u ≤ 60 MeV/u)” ,  
P. Mastinu, P. Milazzo, M. Bruno, M. D’Agostino, L.Manduci

dL /dx = cost ⋅
dE/dx

1 + kB ⋅ dE/dx

Birks Formula where: 
• k is the Quenching 

Parameter 
•BdE/dx is the density of 

quenching centres per unit 
distance

Scintillator 
Quenching Effect

15 µm 
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Linearity

20 µm 
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m SiPM arrayµLinearity - Amplitude Analysis - 20 

Protons, m: 1.0335 ; err_m: 0.0326 

Carbons, m: 0.6367 ; err_m: 0.0062 

m SiPM arrayµLinearity - Amplitude Analysis - 20 Linearity - Amplitude Analysis - 20 µm SiPM array
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Energy Resolution

Energy Resolution - Amplitude & Charge Analysis - 15 µm SiPM arrays

Comparison between Amplitude & Charge Analysis:15 µm 
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Energy Resolution

Energy Resolution - Amplitude & Charge Analysis - 20 µm SiPM arrays

Comparison between Amplitude & Charge Analysis:20 µm 

FOOT Meeting
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Energy Resolution

15 µm 

FOOT Meeting

Comparison between Amplitude & Charge Analysis: October

Energy Resolution - Amplitude & Charge Analysis - 15 µm SiPM arrays
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Amplitude Analysis - Carbon
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Amplitude Analysis

/E: 4.54 %EσEnergy: 120 - 
/E: 1.77 %EσEnergy: 190 - 
/E: 0.99 %EσEnergy: 260 - 
/E: 0.77 %EσEnergy: 330 - 
/E: 0.32 %EσEnergy: 400 - 

/E: 4.54 %EσEnergy: 120 - 
/E: 1.77 %EσEnergy: 190 - 
/E: 0.99 %EσEnergy: 260 - 
/E: 0.77 %EσEnergy: 330 - 
/E: 0.32 %EσEnergy: 400 - 

/E: 4.54 %EσEnergy: 120 - 
/E: 1.77 %EσEnergy: 190 - 
/E: 0.99 %EσEnergy: 260 - 
/E: 0.77 %EσEnergy: 330 - 
/E: 0.32 %EσEnergy: 400 - 

/E: 4.54 %EσEnergy: 120 - 
/E: 1.77 %EσEnergy: 190 - 
/E: 0.99 %EσEnergy: 260 - 
/E: 0.77 %EσEnergy: 330 - 
/E: 0.32 %EσEnergy: 400 - 

/E: 4.54 %EσEnergy: 120 - 
/E: 1.77 %EσEnergy: 190 - 
/E: 0.99 %EσEnergy: 260 - 
/E: 0.77 %EσEnergy: 330 - 
/E: 0.32 %EσEnergy: 400 - 

Amplitude AnalysisAmplitude Analysis - 20 µm SiPM arrays
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Amplitude Analysis

/E: 2.91 %EσEnergy: 120 - 
/E: 1.02 %EσEnergy: 190 - 
/E: 0.85 %EσEnergy: 260 - 
/E: 0.66 %EσEnergy: 330 - 
/E: 0.30 %EσEnergy: 400 - 

/E: 2.91 %EσEnergy: 120 - 
/E: 1.02 %EσEnergy: 190 - 
/E: 0.85 %EσEnergy: 260 - 
/E: 0.66 %EσEnergy: 330 - 
/E: 0.30 %EσEnergy: 400 - 

/E: 2.91 %EσEnergy: 120 - 
/E: 1.02 %EσEnergy: 190 - 
/E: 0.85 %EσEnergy: 260 - 
/E: 0.66 %EσEnergy: 330 - 
/E: 0.30 %EσEnergy: 400 - 

/E: 2.91 %EσEnergy: 120 - 
/E: 1.02 %EσEnergy: 190 - 
/E: 0.85 %EσEnergy: 260 - 
/E: 0.66 %EσEnergy: 330 - 
/E: 0.30 %EσEnergy: 400 - 

/E: 2.91 %EσEnergy: 120 - 
/E: 1.02 %EσEnergy: 190 - 
/E: 0.85 %EσEnergy: 260 - 
/E: 0.66 %EσEnergy: 330 - 
/E: 0.30 %EσEnergy: 400 - 

Amplitude AnalysisAmplitude Analysis - 15 µm SiPM arrays
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Amplitude Analysis - Proton
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Amplitude Analysis

/E: 4.71 %EσEnergy: 70 - 
/E: 2.77 %EσEnergy: 120 - 
/E: 2.45 %EσEnergy: 170 - 
/E: 2.30 %EσEnergy: 220 - 

/E: 4.71 %EσEnergy: 70 - 
/E: 2.77 %EσEnergy: 120 - 
/E: 2.45 %EσEnergy: 170 - 
/E: 2.30 %EσEnergy: 220 - 

/E: 4.71 %EσEnergy: 70 - 
/E: 2.77 %EσEnergy: 120 - 
/E: 2.45 %EσEnergy: 170 - 
/E: 2.30 %EσEnergy: 220 - 

/E: 4.71 %EσEnergy: 70 - 
/E: 2.77 %EσEnergy: 120 - 
/E: 2.45 %EσEnergy: 170 - 
/E: 2.30 %EσEnergy: 220 - 

Amplitude AnalysisAmplitude Analysis - 15 µm SiPM arrays
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Amplitude Analysis

/E: 4.15 %EσEnergy: 70 - 
/E: 3.19 %EσEnergy: 120 - 
/E: 2.64 %EσEnergy: 170 - 
/E: 2.53 %EσEnergy: 220 - 

/E: 4.15 %EσEnergy: 70 - 
/E: 3.19 %EσEnergy: 120 - 
/E: 2.64 %EσEnergy: 170 - 
/E: 2.53 %EσEnergy: 220 - 

/E: 4.15 %EσEnergy: 70 - 
/E: 3.19 %EσEnergy: 120 - 
/E: 2.64 %EσEnergy: 170 - 
/E: 2.53 %EσEnergy: 220 - 

/E: 4.15 %EσEnergy: 70 - 
/E: 3.19 %EσEnergy: 120 - 
/E: 2.64 %EσEnergy: 170 - 
/E: 2.53 %EσEnergy: 220 - 

Amplitude AnalysisAmplitude Analysis - 15 µm SiPM arrays
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Charge Analysis

/E: 2.13 %EσEnergy: 120 - 
/E: 1.18 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.80 %EσEnergy: 330 - 
/E: 0.74 %EσEnergy: 400 - 

/E: 2.13 %EσEnergy: 120 - 
/E: 1.18 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.80 %EσEnergy: 330 - 
/E: 0.74 %EσEnergy: 400 - 

/E: 2.13 %EσEnergy: 120 - 
/E: 1.18 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.80 %EσEnergy: 330 - 
/E: 0.74 %EσEnergy: 400 - 

/E: 2.13 %EσEnergy: 120 - 
/E: 1.18 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.80 %EσEnergy: 330 - 
/E: 0.74 %EσEnergy: 400 - 

/E: 2.13 %EσEnergy: 120 - 
/E: 1.18 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.80 %EσEnergy: 330 - 
/E: 0.74 %EσEnergy: 400 - 

Charge Analysis

Charge Analysis - Carbon

March
Charge Analysis - 15 µm SiPM arrays
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Charge Analysis

/E: 4.45 %EσEnergy: 120 - 
/E: 1.52 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.72 %EσEnergy: 330 - 
/E: 0.66 %EσEnergy: 400 - 

/E: 4.45 %EσEnergy: 120 - 
/E: 1.52 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.72 %EσEnergy: 330 - 
/E: 0.66 %EσEnergy: 400 - 

/E: 4.45 %EσEnergy: 120 - 
/E: 1.52 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.72 %EσEnergy: 330 - 
/E: 0.66 %EσEnergy: 400 - 

/E: 4.45 %EσEnergy: 120 - 
/E: 1.52 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.72 %EσEnergy: 330 - 
/E: 0.66 %EσEnergy: 400 - 

/E: 4.45 %EσEnergy: 120 - 
/E: 1.52 %EσEnergy: 190 - 
/E: 0.89 %EσEnergy: 260 - 
/E: 0.72 %EσEnergy: 330 - 
/E: 0.66 %EσEnergy: 400 - 

Charge AnalysisCharge Analysis - 20 µm SiPM arrays
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Charge Analysis

/E: 7.56 %EσEnergy: 70 - 
/E: 3.89 %EσEnergy: 120 - 
/E: 3.24 %EσEnergy: 170 - 
/E: 2.81 %EσEnergy: 220 - 

/E: 7.56 %EσEnergy: 70 - 
/E: 3.89 %EσEnergy: 120 - 
/E: 3.24 %EσEnergy: 170 - 
/E: 2.81 %EσEnergy: 220 - 

/E: 7.56 %EσEnergy: 70 - 
/E: 3.89 %EσEnergy: 120 - 
/E: 3.24 %EσEnergy: 170 - 
/E: 2.81 %EσEnergy: 220 - 

/E: 7.56 %EσEnergy: 70 - 
/E: 3.89 %EσEnergy: 120 - 
/E: 3.24 %EσEnergy: 170 - 
/E: 2.81 %EσEnergy: 220 - 

Charge Analysis
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Charge Analysis

/E: 8.06 %EσEnergy: 70 - 
/E: 5.12 %EσEnergy: 120 - 
/E: 3.60 %EσEnergy: 170 - 
/E: 3.31 %EσEnergy: 220 - 

/E: 8.06 %EσEnergy: 70 - 
/E: 5.12 %EσEnergy: 120 - 
/E: 3.60 %EσEnergy: 170 - 
/E: 3.31 %EσEnergy: 220 - 

/E: 8.06 %EσEnergy: 70 - 
/E: 5.12 %EσEnergy: 120 - 
/E: 3.60 %EσEnergy: 170 - 
/E: 3.31 %EσEnergy: 220 - 

/E: 8.06 %EσEnergy: 70 - 
/E: 5.12 %EσEnergy: 120 - 
/E: 3.60 %EσEnergy: 170 - 
/E: 3.31 %EσEnergy: 220 - 

Charge Analysis

Charge Analysis - Proton

March
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Charge Analysis - 15 µm SiPM arrays

Charge Analysis - 20 µm SiPM arrays
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dT versus Amplitude

slice_py_of_histDtVsAmplitude
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Readout

Digitizer V1742 CAEN 

12 bits 

1 Ghz  

1024 samplings 

Vpp = 1V Digitizer V1740 CAEN 

12 bits 

62.5 Mhz  

1024 samplings 

Vpp = 10 V

Present: Future:

FOOT Meeting
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SiPMs parameters
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Signal with board_V0

FOOT Meeting

Carbon 400 MeV/u

Sum Channel

Signals from FAN OUT
October
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Signal with board_V1

FOOT Meeting

Sum Channel Sum of 30 single channels

Scintillator 1 Scintillator 2

Carbon 400 MeV/u March



dT = tstop − tstart

SiPMs parameters
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