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Materiali scintillanti plastici 
Materiali organici (Es. plastici) 
• Acqua equivalenti 
• Densità dell’ordine di 1.03-1.06 g/cm3 

• (generalmente) nessun contenuto di materiali ad 
alto Z. 

• Gli spettri di eccitazione ed emissione sono simili 
negli stati solido, liquido o vapore. 

 

Fibre Ottiche Scintillanti 
• Core (solvente bulk) 

• Poliviniltoluene (scintillatore plastico) 
• Polistirene (fibre scintillanti plastiche) 

• Cladding (fibre scintillanti) 
• Polimetilmetacrilato (PMMA) 
• Migliore trasmissione della luce nelle 

fibre ottiche 



Processi di scintillazione 
Deposito di dose e scintillazione 

• A temperatura ambiente, e- quasi tutti in S00 
• ∆E S1-S0 circa 3-4 eV >> 0.025 eV 

• Banda S1 (circa 0.15 eV oltre) decade senza-
radiazione al livello base S1 

• Fotoni emessi solo agli stati S0 
 

• Banda T1: energia inferiore e processi più lunghi 
 • Dato che tutti i fotoni vengono da S10: 

• Shift nello spettro di emissione a energie 
inferiori rispetto allo spettro di eccitazione 
(assorbimento) 
 

• Praticamente trasparenti agli stessi fotoni 
emessi 
 

 

• Fluorescenza rapida a 
seguito dell’eccitazione 

  (10-9 – 10-7 s) 
• Importante per la 

rivelazione di radiazioni 



Fluori 
 
• I fluori organici (materiali scintillanti) vengono usati con un solvente bulk: sistema a due 

componenti 
• - BC400: > 97% PVT, < 3% fluori organici 

• Es. p-TERPHENIL (C6H5 C6H4 C6H5) 
 

• L’energia depositata nel solvente viene trasferita alle molecole di fluoro organico 
• Emissione tipicamente piccata nella regione blu-violetto 

 
• «Wavelength shifters» o sistema a tre componenti 

• Un terzo componente (organico) può essere anche usata per assorbire i fotoni emessi 
da fluori organici e riemettere a lunghezze d’onda maggiori 

• POPOP [1,4-bis(5-phenyloxazol-2-yl) benzene] per fare emettere gli 
scintillatori nella regione verde o gialla 



Spettri di scintillatori 

Gli scintillatori con 
lunghezze d’onda 
maggiori hanno 
emissione di luce 
inferiore 



Efficienza di scintillazione 
 
• Soltanto una piccola porzione dell’energia cinetica incidente perduta viene convertita 

in energia di fluorescenza 
 

• Per fibre plastiche scintillanti come le BCF-12 da 1 mm circa 8000 fotoni/MeV 
• Ciò significa circa 125 eV /fotoni di scintillazione 
• L’energia totale della luce visibile prodotta (a 430 nm o ≈ 2,9 eV) 

rappresenta un’efficienza del 2,4 % (97,6 % si perde in fononi!) 
 

• La resa di luce dipende dal LET 



Effetti di Quenching 
 
• Una diminuzione dall’efficienza di scintillazione ottimale, o quenching, si può avere in varie 

condizioni: 
• Per gli scintillatori organici, piccolo quenching termico 

• Costante tra -60 °C e +20 °C 
• Danneggiamento da radiazioni possono diminuire l’efficienza (la ionizzazione porta a 

temporanei e/o permanenti danneggiamenti molecolari) 
• Assorbimento aumentata dovuta a difetti (la plastica diventa gialla) 
• Necessari > kGy di dose accumulata (104 – 105 Gy) 

• Il quenching si ha anche per radiazioni altamente ionizzanti 
• Siti di eccitazione sovrapposti e danneggiamento di molecole 
• Fornisce processi alternativi di diseccitazione senza emissione di radiazione 
• Non-linearità della risposta Luce-Energia 



Formula di Birks 
 
• La relazione tra perdita specifica di energia (densità di 

ionizzazione) e la luce in uscita è data dalla formula di Birks 
 
 
 
 
 
 
 
 
 

• Per elettroni sopra i 125 keV: dL/dx = S dE/dx 
• Quindi L=SE 

• Per grandi dE/dx, si può avere saturazione lungo la traccia 
• dL/dx = S / (kB) (usualmente per ioni) 

S: efficienza di scintillazione 
B(dE/dx): densità di molecole 
danneggiate lungo la traccia delle 
particelle 
K: frazione di danneggiamento che 
contribuisce al quenching 



Vantaggi degli scintillatori plastici 
 

• Risposta lineare in dose 

• Indipendenza dal dose rate 

• Indipendenza dall’energia 

• Indipendenza dalla temperatura 

• Risoluzione spaziale 



Indipendenza dal dose rate 
 
 
 
 
 
 
 
 
 
Non influenzata dalle variazioni di  dose rate 

Linearità 
 
 
 
 
 
 
 
 
 
La produzione di luce è proporzionale alla dose 
depositata 

Dipendenza dall’energia 
 
 
 
 
 
 
 

 
• Volumi di rivelazione: cavità intermedie 
• Migliore dipendenza dalla energia rispetto ad altri 

dosimetri usati in radioterapia 

Temperatura 
 
 
 
 
 
 
 
 
Nessuna dipendenza dalla temperatura tra 18 °C e 30 °C 



Configurazione del rivelatore 
 
 
 
 
 
 
 
 
 
 
 
 
Le fibre plastiche scintillanti offrono una buona alternativa ai classici 
scintillatori: 
• Cattura di luce migliore grazie al cladding (>riflessione interna) 
• Il cladding è anche acqua equivalente – nessuna perturbazione 



Emissione Cherenkov 
 
 
 
 
 
 

• In plastiche come il polistirene, gli elettroni con energie da 146 keV 
o maggiori producono una luce blu dovuta all’emissione Cherenkov 
 

• Questa luce si sovrappone al segnale dello scintillatore 
• Se si utilizzano grandi quantità di fibre clear nel campo di 

radiazione, l’emissione Cherenkov può essere significativa (>15 %) 
 

Sebbene lo spettro della luce Cherenkov sia diverso da quello della 
luce di scintillazione, esiste comunque un parte di sovrapposizione. 
 
La produzione di luce è proporzionale alla dose depositata 



Simulazioni Monte Carlo per fasci di 
protoni 

 
• Si può usare Geant4 per la simulazione 

completa di: 
• Processi elettromagnetici e adronici 
• Produzione e tracciamento di luce visibile 

(scintillazione e Cherenkov) 
• Comprendere il comportamento di uno 

scintillatore plastico irradiato con protoni 
• Ottimizzare l’efficienza di raccolta della luce 

Simulazioni Monte Carlo per fasci di 
protoni 

• L’acqua equivalenza preservata per la maggior 
parte delle energie cliniche 



Quenching (solo per protoni) 
 

 
 
 
 
 
 
 
 
 
 
 

• La simulazione Monte Carlo predice accuratamente il 
quenching e può essere usata per determinare i fattori di 
correzione 



SCINTILLATING FIBERS: WHAT MANUFACTURER SAYS.. 

• Saint Gobain Crystal BCF-12 500µm square MC fiber selected 
• Polystyrene core (solvent) 
• Organic fluor (2,4%scintillation efficiency) 
• PMMA multi-cladding for improved trapping efficiency 

• Sci-Fi well characterized for 1mm size 
• Attenuation length measurement using 90Sr beta source (non 

mono-energetic) from 1 to 3 meters 
• Integral attenuation length  

• For sub-millimeter size Sci-Fi: 
• Higher dopant concentration (unknown) 

• Higher light yield (unknown) 
• Lower attenuation length (unknown) 

Bormio, 25/2/2012  17 D. Lo Presti 
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What Scientific Literature Says… 
• Attenuation length and light yield depend on sci-fi dopant concentration 

• Multiple attenuation length (short, long and flux dependant) 
• Accurate measurements are required on selected Sci-Fi 
• The optimal light sensor must be chosen to fit with sci-fi 

• Attenuation length spectrum 
• Yield peak Wavelength has the minimum Attenuation length 

• Dark counts at the operative minimum light level 
• Radiation hardness 
• Good timing performances 
• Accurate size control 

19 D. Lo Presti 



GEANT4 Simulation of Sci-Fi 
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Left Right 

62 MeV 
Proton 

Sci-Fi 0 cm 

• No precise information on sub-millimeter size scintillating fibers; 
• Need for measurements. 



Characterization technique of sub-millimeter scintillating fibers 
UV Laser – Cut and Lap 

The attenuation length function was extrapolated by projecting a pulsed laser beam, about 400 nm wavelength, 
coaxially at one end of a ribbon of 8 SCI-Fls and measuring, using a bolometer, the amount of light collected on he 
other end. This measure was made starting from a one meter long SCI-FI ribbon and repeated, shortening the length 
of the ribbon cutting it each time, while trying to preserve the same conditions. 
In this way, each measurement is the average of the results on individual SCI-Fls, both in terms of the parameter 
dispersion of fibers and of the repeatability and uniformity of the ribbon cutting and lapping procedure. 

Plot of the data and best fit relative to attenuation length  
measurement by coaxial laser ignition. 

Laser beam 
400nm  Bolometer 

8 BCF-12 500µm fibers ribbon 

The maximum data deviation from fit is 7%: 
• Ribbon cut and lap operation reliable 
• Data fit very well with double exponential function 
This is only for coaxial light ignition, not for isotropic 
scintillation light 



PMT Thorn-EMI 9816B 
• Gain 1=2.32x107 

• Gain 2=2.46x107 

EXPERIMENTAL SET-UP 2 
TEST OF FIBER UNDER 62 MEV PROTON BEAM @ CATANA PROTON THERAPY FACILITY (LABORATORI 
NAZIONALI DEL SUD) 

PMT 2 PMT 1 
50 ns coincidence 

8 BCF-12 500µm fibers ribbon 

λ=56 cm 

Distance from pmt1[cm] 
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• Mono-energetic proton beam -> best measurement platform 
• Too few measurements -> qualitative information very preliminary 
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 Monte Carlo simulation of Sci-Fi ribbon and cosmic rays interaction; 
 Mainly high energy muons (M.I.P.), uniformly distributed interaction along 

ribbon and well known angular distribution 
 Calculation of the interaction trajectory muon by muon; 

 Determination of the asymmetry between the channels using UV laser pointed 
to the centre of the ribbon: 
 Optical coupling; 
 Different cut and lapping quality; 

 Acquisition of charge spectrum under cosmic rays for the two channels; 
 Comparison between simulation and measurement results. 

EXPERIMENTAL SET-UP 3 
TEST OF FIBER UNDER COSMIC RAYS 

PMT 2 PMT 1 
50 ns coincidence 

8 BCF-12 500µm fibers ribbon 

90° rotation 

23 



An innovative system for the characterization of 
SCI-FI has been developed in order to measure 
the attenuation length of the SCI-FI when the 
light is produced by scintillation. 
The system does not require the use of a source 
or particle beam as it uses the flow of 
secondary cosmic rays, mostly muons, which hit 
the Earth's surface. In effect, this measurement 
differs from the previous one because only a 
small fraction of the light generated 
isotropically by cosmic rays is channeled into the 
fiber. The developed system consists of two 
photomultipliers (PMT) anchored to the floor 
with photocathodes placed in a coaxial 
position. 
A four SCI-FI ribbon was fixed on a horizontal 
plane with the edges optically coupled, using 
optical grease, to two identical PMTs having the 
same gain. Their signals were sent to two ADCs 
through two electronic lines with the same 
characteristics. 
The spectra resulting from the acquisition of the 
PMT charge signals in coincidence, related only 
to the cosmic rays events, were then compared, 
with the results of a Monte Carlo simulation. 

SCI-FI CHARACTERIZATION SET-UP 



• The 8 fiber ribbon is considered as a single rectangular fiber (4mmx0,5mm) 
• Angular distribution: 

• cos2θ where θ is the zenith angle; 
• Uniform distribution respect azimuthal angle 

• All muons supposed high energy: M.I.P. -> mono-energetic source 

MONTE CARLO SIMULATION SCI-FI UNDER COSMIC RAYS 

4,9% of muons cross the ribbon but 
exit from one side 

95,1% of muons completely cross the 
ribbon 

Total crossing distribution 

8 Sci-Fi Ribbon of BCF-12 square mc 500µm 

Trajectory length [mm]  
25 



MONTE CARLO SIMULATION: 
ASYMMETRY OF THE CHANNELS USING UV LASER 

The measured 
asymmetry is 

1.079  
(pmt1/pmt2) 

8 Sci-Fi 

PMT 1 PMT 2 

Laser 
• Collimated Laser beam @ the centre of the ribbon 
• Normalized charge spectrum of the PMTs 
• Centroid difference: 

• Pmt1:  ±1.54 %; 
• Pmt2:  ±0.77 %; 

• Asymmetry depends only on optical coupling 
 

26 

Right PMT charge 
 spectrum [pC] 

Left PMT charge 
 spectrum [pC] 

deviation of less than 2% 

deviation of less than 2% 



• Yield=2700 γ/mm 
• Transmission=7% 
• a=c=1 
• λ1= 17 cm 
• λ2= 36 cm 
 

Selection of optimal parameters is the results of successive 
approximation 

MONTE CARLO SIMULATION: 
COMPARISON BETWEEN SIMULATED AND MEASURED SPECTRA 

27 



MONTE CARLO SIMULATION: 
SIMULATION OF THE DETECTOR STARTING FROM PREVIOUS RESULTS 

0 5 10 15 20 25 30 35 40 45 50
0

5

10

fo
te

le
tt

ro
ni

<Pe> visti da PMT1;Yield=2700γ/mm, QE=23%, trasm-fibra=7%, Acc. Ott=35.5%

0 5 10 15 20 25 30 35 40 45 50
0

5

10

15

fo
te

le
tt

ro
ni

<Pe> visti da PMT2;Yield=2700γ/mm, QE=23%, trasm-fibra=7%, Acc. Ott=38%

0 5 10 15 20 25 30 35 40 45 50
70

80

90

x è la distanza fra PMT1 e µ incidente

co
in

ci
de

nz
e 

(%
)

coincidenze con soglie Th1=1 pC e Th2=1.5 pC. Efficienza media 82.9

 

 

Fibra quadrata da 500 µm. Bundle da 8 fibre in 1 strati

% 

ph
ot

oe
le

ct
ro

ns
 

ph
ot

oe
le

ct
ro

ns
 

co
in

ci
de

nc
es

 [%
] 

<pe> PMT1; Yield=2700 γ/mm; QE=23%; Trapp. eff.=7%; Opt. Coupling=35,5 %  

<pe> PMT2; Yield=2700 γ/mm; QE=23%; Trapp. eff.=7%; Opt. Coupling=38 %  

Coincidences: Th1=1 pC & Th2=1.5 pC. Average 
efficiency=82.9 %   

Distance between pmt1 and incident muon 
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• Techniques of manipulation, cutting, lapping and 
optical coupling; 

• Measurement of the attenuation length: 
• Cosmic rays; 
• UV laser; 
• 90SR source. 

IEEE Nuclear Science Symposium, Valencia (Spain) 23-29 October 2011 – Talk and proceeding “Characterization technique of sub-millimeter scintillating fibers”. 

SUMMARY OF THE FIT PARAMETERS 
TECHNIQUE PARAMETER VALUE 

CUT AND LAP  
a 1,346 
c 0,58 
λ1 8,5 cm 
λ2 1,74 m 

COSMIC RAYS  
a 1 
c 1 
λ1 17 cm 
λ2 36 cm 

UV LASER  
a 1 
c 0,65 
λ1 8,52 cm 
λ2 1,05 m 

Characterization of Sci-Fi 

29 



Un raggio luminoso che incide su una superficie di 
interfaccia tra due mezzi di indici diversi (n1> n2) 
viene in parte riflesso e in parte rifratto (trasmesso), 
secondo la nota legge di Snell (o legge dei seni): 
 

n1*senα = n2*senβ  
 

dove α è l’angolo di incidenza del raggio rispetto la 
normale alla superfice di incidenza e β è l’angolo 
che il raggio rifratto forma con la stessa normale nel 
secondo mezzo. 
 

 

Bending Radius  

Curvatura della guida  
 
Ha un duplice effetto sul segnale ottico: 
•deformazione della distribuzione di campo 
elettromagnetico; 
•eccitazione di componenti dello spettro indesiderati. 
La curvatura genera un accoppiamento tra il modo 
guidato e i modi radiativi dello spettro. Nel caso in cui il 
raggio di curvatura sia abbastanza grande, si può 
ipotizzare che la distribuzione di campo del modo 
guidato subisca una lieve e ininfluente deformazione. 
Quindi la perdita è legata all'angolo di curvatura della 
guida. Bending radius ottimale 100Xdiametro fibra 

(dimensione sezione fibra) 

http://docenti.ing.unipi.it/~d7384/com_ottiche/Simboli/Snell.html
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• Design of a large area (up to 40x40 cm2) and high spatial resolution (up to 100 
microns) imaging device for charged particles based on scintillating optical fibers (Sci-
Fi) and a smart read-out strategy with real-time acquisition at high rate (up to 100 
MHz). 

Applications 
 On line beam diagnostic and monitoring 

 2D or 3D imaging 

 Research activities 
 Characterization of Sci-Fi 

 Techniques of manipulation, cutting, lapping and optical coupling 

 Characterization of sensors: vacuum and solid-state photomultiplier  

 Monte Carlo simulations 

 Design and construction of the mechanical support for optical coupling (fiber-fiber and fiber-
photosensors) 

 Design and assembly of front-end electronics 

 Design and programming of real-time read-out, acquisition, pre-visualization and analysis system 

 Test with radioactive sources, cosmic rays and particle beams 32 
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N=16 
 



Section view 

Side view 

(c) 

(a) 

(b) 

• Optical and mechanical coupling 
• Optical gel 
• Cut and lapping of each fiber 
• Smallest bending radius with minimum trasmitted light attenuation 
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• Design and construction of the mechanical support for optical 
coupling (fiber-fiber and fiber-photosensors); 

• PSPM (Position Sensitive Photo Multiplier) Front-end board 
design; 

• PSPM characterization and opto-mechanical coupling. 
  
 
    Hamamatsu 

PSPM H9500 
16x16 channels 

Detector frame  
Opto-mechanical 

couplings 
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Prototype complete 
• 20x20 cm2  

• 160 channels 
• 16 subdetectors 
• Max rate ≈1MHz 
• 500 µm sci-fi BCF-12 
• Hamamatsu PSPM 16x16 

• ∆E Dynode signal 
• Full custom FE  
• NI PCI-RIO 7811 DAQ 
• 70x100 cm2 

36 



OFFSET2 
• High space resolution (150 µm) and 

large area tracker, (20x20 cm2); 
• 500 µm multi-clad square 

scintillating optical fibers BCF-12; 
• 2,5 mm clear fibers; 
• Particle track and ∆E;  
• Real Time; 
• 16 independent sub-detectors; 
• 160 read-out channels 
• Max event Rate 10 MHz; 
• Water equivalent; 
• Submergible; 
• Radiation hard; 
• Low cost 

 

Monitor 

OFFSET 

GAF OFFSET raw OFFSET Calibrated 

Spot 1 cm 
Efficiency≈ 60 % respect 
to monitor 
(considering  missing strip) 
Pixel Dead Area ≈ 8% 

37 All units in fiber size (500µm) 



1,2 Gy Dose – 60 min 

2.5 cm collimator 
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Fibers 

All units in fiber size (500µm) 



Tracker 

Real Time Image 

Gaussian Fit 
σ≈400 µm 
99% linearity 

Imaging performances 
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Collimator n°4 
 from 3 to 3,4 mm 

All units in fiber size (500µm) 



OFFSET Tracker  
∆E measurement 

• PSPM dynode signal acquisition by digital oscilloscope; 
• No correction by the crossing position of the particle; 
• 4 pixel PSPM involved. 
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Proton Radiography 

PROTON RADIOGRAPHY  
• 1 cm thick PMMA sheet  
• Tracker in front of a YAG calorimeter (PRIMA) 
• 62 MeV Proton beam 
• Trigger given by the tracker 
• Event counter 
• Time stamping 
• Offline reconstruction 

 

Tracker Image 

Tracker Image 
histogram 
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Beam 
pipe 

PMMA 
sheet 
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• After PSPM crash and replacement 
• After Front-end board repair 

All units in fiber size (500µm) 
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Front-end electronics: 
• Custom  
• PSPM anode interface; 
• Array of fast comparators; 
• Channel gain adjustment; 
• Remotely Settable Threshold. 
 
DAQ 
National Instruments: Labview Platform 
• Full custom Adapter: 128 channel – 2 

MAROC chip 
• Full custom Adapter: 128 DIO 200MHz 

(OFFSET3); 
• 160 DIO 40 MHz NI-7813r (OFFSET2) 
• 250 Ms/s 14b 4 channel ADC adapter module; 
• Real Time FPGA based DAQ board;  
• Real Time computing; 
• Solid state storage 
• 4 Gb/s Ethernet connection 
• Modular and scalable 
• Easily Upgradable 
 

DAQ 
system 

Electronics 
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Electronics 

FPGA 
Virtex5 
512 MB 
RAM 

Full-
custom 

Adapter 
Module 
(Routing 
Only) 

PXIe 
DMA 

FPGA 
Virtex2 

160 DIO 
40 MHz 

 

PXI 
DMA 

Front-end 
Board + 

PSPM socket 
+ 

Comparator 
Array + 
100ns 

Monostable 

OFFSET2 
Low cost 
Low 
Bandwidth 
 

OFFSET3 – Residual 
Range 
Medium cost 
High Performances 

Front-end 
Board + 

PSPM socket 
+ 

Comparator 
Array 

FPGA 
Virtex5 
512 MB 
RAM 
 

Full-custom 
Adapter Module 
2 MAROC chip 
128 channels 

Preamp+shaper
+ 

discriminator 

PXIe 
DMA 

PSPM  
socket 

OFFSET3 – 
Residual 
Range 
Medium cost 
Optimal 
Performances 

Analog Digital 



OFFSET3 

• 30x30 cm2 FOV 
• 500 µm Sci-Fi 
• Double XY plane 
• Real-time imaging and tracking  
 (96 read-out channels) 
• Test under 62 MeV proton beam; 
• Calibration by GAF-Chromic; 
• New Front-end electronics under development; 
• Work in progress. 

45 

INFN patent 



OFFSET3 
• Test con fascio di protoni da 62 MeV - CATANA; 
• Intercalibrazione (equalizzazione) mediante 

GAF-Chromic; 
• Nuova elettronica di Front-end pronta per 

febbraio 2014; 
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patent
ed 

Front Rear 

Scala dei grafici espressa in numero di 
fibre (500µm) 

Tracciamento in tempo 
reale particella per 

particella 

Risoluzione spaziale 
misurata con 

collimatori calibrati 



5 mm 16 mm 

OFFSET3 

Imaging in trasmissione con 
fantoccio calibrato 

Relazione intensità– rate 
particelle 

• Spessore 0 ÷ 2 cm 
• Diametro fori 2 ÷ 20 mm 

• Non calibrata  

Fronte 

Retro 



Fronte 
- 

Retro 

HV = 900V 
Vcc = 3,6V 
Vthr = -20mV 

OFFSET3-CNAO 

• Test con fascio di protoni da 250 MeV - CNAO; 
• Non calibrato; 
• Condizioni non ottimali (carenza di tempo); 

1° Piano XY 
 

2° Piano XY 



1° Piano XY 
 

2° Piano XY 

HV = 900V 
Vcc = 3,6V 
Vthr = -30mV 

Tracciamento 
real-time 

Fronte 
- 

Retro 



1° Piano XY 
 

2° Piano XY 

HV = 900V 
Vcc = 3,6V 
Vthr = -15mV 

Tracciamento 
real-time Fronte 

- 
Retro 



1° Piano XY 
 

2° Piano XY 

HV = 900V 
Vcc = 3,6V 
Vthr = -15mV 
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Test con sorgente 90Sr e raggi cosmici 
Una volta acquisita la mappa dei raggi cosmici, essa è stata utilizzata per intercalibrare 
(equalizzare)l’immagine ottenuta utilizzando una sorgente beta. Tale equalizzazione va fatta una tantum. 
A sinistra le immagini, fronte e retro, della sorgente non calibrata, al centro le mappe dei cosmici e a 
destra le immagini della sorgente calibrata. 



Test con sorgente 90SR e raggi cosmici 
Una volta acquisita la mappa dei raggi cosmici, essa è stata utilizzata per calibrare 
l’immagine ottenuta utilizzando una sorgente beta. A sinistra i profili delle immagini, fronte e 
retro, della sorgente non calibrata, al centro i profili delle mappe dei cosmici e a destra i 
profili delle immagini della sorgente calibrata. 



 
Development of a Real Time, Large Area, Particle Residual Range 

system for hadron therapy 

The PREDATE (Particle Residual Energy And 
Tracker Enhancement) experiment is aimed at 
developing a real time, large area (up to 40x40 
cm2), high space resolution (up to about 100 
µm), high energy resolution (about 3% full 
range) particle residual range detector 
prototype. The main applications of such device 
are the on line beam monitoring, quality 
assurance and diagnostic. The proposed Work 
Package takes advantage by the results relative 
to the realization of an innovative tracker 
detector, developed during the OFFSET INFN 
CSN V experiment,  made of scintillating optical 
fibers and characterized by a smart read-out 
strategy, which allows for the real time 
acquisition at high rate (up to 100 MHz) to be 
obtained. We propose to exploit the same 
technology to develop the residual range 
detector (INFN Patent). 
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Correlated Residual 
energy by particle 
range and imaging 

Tracker 
+ ∆E 

Beam 

Residual range concept 



• Geant4 Simulations of a Residual Range 
detector prototype; 

• Catana Beam Line – 62 MeV proton; 
• 60 Polystirene Layers 500 µm thick + 4mm Air; 
• 50x50 mm2 area; 
• Water equivalence; 
• Right Most layer (RML) related to Bragg Peak; 
• Energy resolution <3% full range 

 
 

Residual Range Detector 

RML=p0*Ed1,75+ p1 Range 

Shifter 

Energy 

[MeV] 

- 57,42 

A5 52,57 

A10 45,80 

A15 38,49 

A20 30,06 

A20+

A5 

18,62 
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RightMost spectrum @ different energies 

• Geant4 Simulations of a Residual Range 
detector; 

• Catana Beam Line – 62 MeV protons; 
• 60 Polystirene Layers 500 µm thick + 

4mm Air; 
• 50x50 mm2 area; 
• Water equivalence; 
• Right Most layer related to Bragg Peak; 
• Energy resolution <3% full range 

 
 

PREDATE prototype Simulated 

Measured Real-Time 
PMMA 

Range Shifter 

Proton 

Energy 

[MeV] 

A0 54,42 

A5 49,57 

A10 43,80 

A15 37,49 

A20 30,06 

A22 26,63 

A20+A5 20,62 
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PREDATE status 
• Design of a reduced scale demonstrator: 

• Energy Range  >60 MeV; 
• Range Resolution 140 microns; 
• Integrated trackers; 
• 10x10 cm2 FOV; 
• Real Time; 
• Hamamatsu PSPM; 
• SiPM supplied by ST microelectronics; 
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Caratteristiche principali 
• Area di stampa 250x200x200 mm3  
• Piano riscaldato con alimentazione 
indipendente 
 •Volume di stampa: circa 8 litri 

• Spessore dello strato: <0,05 mm 
• Diametro dell'ugello: 0.35 mm 
• Velocità: 150 cm3 / h 

Stampante 3D Sharebot 
• Basso costo; 
• Velocità nella prototipazione; 
• Simulazioni di ottica e meccanica a 

partire dallo stesso progetto cad. 

Materiali e filamenti utilizzabili  
 PLA  
 ABS per costruzioni che necessitano solidità  
 POLY per costruzioni ad alta risoluzione  
 NYLON per costruzioni elastiche  
 CRYSTAL FLEX per aspetto lucido semitrasparente  
 PET materiale plastico leggero, rigido o semirigido, 
trasparente e incolore  



Scintillating Optical Fibers 
Simple read-out set-up 
 
 



Fiber test setup 

Scintillating fiber optically coupled to a wavelength shifter fiber (WLS) 
A pulsed UV led produces scintillation light inside the SCI-FI. 
A part of this light is channeled in the fiber e guided in the two opposite directions along 
the SCI-FI. 
At one end light is converted by a SIPM module by Hamamatsu. 
At the other end a part of the light is absorbed and promptly reemitted by the WLS. This 
green light is channeled and one half is guided to another SIPM module. 
 

Scintillating fiber (SCI-FI) optically coupled to a clear fiber (CF) 
A pulsed UV led produces scintillation light inside the SCI-FI. 
A part of this light is channeled in the fiber e guided in the two opposite directions 
along the SCI-FI. 
At one end light is converted by a SIPM module by Hamamatsu. 
At the other end light is channeled and guided by a clear (transparent fiber) to 
another SIPM module. 

Scintillating fiber ribbon optically coupled to two wavelength shifter fiber. 
A pulsed UV led produces scintillation light inside the SCI-FI ribbon. 
A part of this light is channeled in the fiber e guided in the two opposite directions 
along the SCI-FI. 
At both end of each fiber of the ribbon the light is absorbed and promptly reemitted 
by the WLS. This green light is channeled and one half is guided to another SIPM 
module. 



MPPC Module 



SCI-FI Magic numbers 

> Round fiber, >0.20mm diameter = 3% of fiber OD 
> Square fiber, 0.20mm to 3mm = 4% of fiber side 
> Square fiber, > 3.5mm = 2% of fiber side 
The refractive indices of the core and cladding and the cross section of the fiber determine the 
trapping efficiency. In round fibers, the trapping efficiency also depends on the distance between the 
fiber axis and the scintillation event. The trapping efficiency of Saint-Gobain Crystals‘ round fibers 
ranges from 3.4% for events occurring at the fiber axis to ~7% for events near the core-cladding 
interface. For square fibers, the trapping efficiency is 4% and is independent of the scintillation 
event's location in the fiber. 

Standard Fibers, Single-clad – Standard fibers consist of a polystyrene based core and a PMMA 
cladding. External EMA (optional) is often used to eliminate optical crosstalk. 
The scintillating core contains a combination of fluorescent dopants selected to produce the desired 
scintillation, optical and radiation-resistance characteristics. Often, one property is enhanced while 
another is mildly compromised. In small fibers ( < 0.5mm), the fluor concentration is increased, 
usually at the expense of light attenuation length. 
Scintillation efficiency is generally kept near maximum, which for BCF-10, BCF-12 and BCF-20 is 
2.4% (nominal). This means that these fibers yield about 8,000 photons per MeV from a minimum 
ionizing particle. The trapping efficiency, however, permits the collection of less than 4% of the 
photons for passage down the fiber. 
Multi-clad Fibers – This special class of fibers has a second layer of cladding that has an even lower 
refractive index and, thus, permits total internal reflection at a second boundary. The additional 
photons guided by multi-clad fibers increase the output signal up to 60% over conventional single-
clad fibers. All of Saint-Gobain Crystals' fibers can be supplied in either single-clad or multi-clad 
variations. 
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