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Project’s motivations
The advent of the new facility for Radioactive Ion Beams (RIBs)

in particular for the n-rich ones

From: M. Lewitowicz EURISOL-DF 15-16 Nov 2017, Lisbon

“The RIBs are an important opportunity” 
(C. Horovitz)



IDEA

*Si incrocia l’info ampiezza-PSD e info da fasci di calibrazione (n,CP)

To realize a prototype of detector able to detect at the same time charged 
particles and neutrons whit high energy and angular resolution for reaction 

studies and applications

• Candidate: The plastic scintillator EJ276-Green Type (ex EJ299-33) (3x3x3cm3)

• 1 cluster: 4 consecutively cubes -> 3x3x12 cm3


• Reading the light signal: Si-PD or Si-PM and digitalization 

• Modular, reconfigurable (in mechanic and electronic)

• Discrimination of n/γ from PSD (but also light charged particles)

• Energy measurement from ToF (Δt≤1.5 ns with LToF≈1÷1.5m)

    TOF measured using the RF of the CS or with an ancillary MCP     (low intensity exotic beams)  
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Just few numbers

DSSSD 32x32

300 μm

NArCoS
≈ 12 cm

T

LNArCoS=100 cm

LDSSSD=50 cm

θ≈7.5°

Solid angle  ≈ 14 msr (0.12%)
Angular resolution DSSSD ≈ 0.2°
Angular resolution NArCos ≈ 2°

<EFF>≈16%
For one cluster 

L=100 cm; ΔT=1.5 ns

Time of flight 

*

*the mechanical structure will have the possibility of an angular movimentation
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L’EJ276 
(ex EJ-299-33)

N. Zaitsev et al., NIM A 668 (2012) 88.
N. P. Hawkes et al., NIM A729 (2013) 522
S.A. Pozzi et al., NIM A723  (2013) 19
E. V. Pagano et al. NIM A 889 (2018) 83-88
E. V. Pagano et al. NIM A 905 (2018) 47-52
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Test using radioactive sources @ LNS 
Dimention: 3x3x3 cm3
<neutron EFF> (MCNPX) ≈ 4%
Read by PM tube: EMI-9544QA
High Voltage: 1500-1700 V
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Some results: the digitalized signal

Signal acquired and digitalized by using the   
GET system 
(General Electronic fo TPC)
Sampling frequency:  100 MHz

“Fast” component:
10 channels ! 100ns “Slow” component:

40 channels ! 400ns
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Some results: A few of spectra
E. V. Pagano et al. NIM A 889 (2018) 83-88
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Some results: A few of spectra
E. V. Pagano et al. NIM A 889 (2018) 83-88

5.0 MeV ≤ En≤ 5.5 MeV

FOMPSD=1.03

Discrimination threshold ≈ 1.5 MeV
Lout = A⋅Edep −B⋅ 1−e

−C⋅Edep( )
A= 0.8 MeVee⋅MeV−1;
B= 3.9 MeVee;
C = 0.19 MeV−1;

C. C. Lawrence et al., NIM A759 (2014) 16

Detection threshold ≈ 0.7 MeV
(FOMPSD=0.43)
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α α

E. V. Pagano et al. NIM A 889 (2018) 83-88

Some results: A few of spectra
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Eα≅ 8.7 MeV

240 KeV ≤ E ϒ ≤ 
2600 KeV

Plastic energy intrinsic resolution for 
Alpha particles: 

(Eα) of 8.7 MeV ≈ 8.5% 
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The latests resuls: tests in high background condition
The test was done during the Barrier experiment @ LNS  24Mg+90,92Zr @ 71.5MeV < E < 81 MeV

E. V. Pagano et al. NIM A 905 (2018) 47-52 
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Purposes of the project 

Nuclear fundamental physics 

Some applications

Energy of interest: 5≤ E ≤100 AMeV (having particular attention to the Fermi regime)

• Intensity interferometry (HBT effect)
       n-n,  n-p, n-LCP, n-IMF, n-TLF, n-PLF
• Studies related to the nuclear symmetry energy (EOS) and its 

dependence to the nuclear density
• Neutron stars (nuclear astrophysics)
• Reaction mechanism 
• Reaction times
• Clustering
• Validation of nuclear dynamics model (BUU,QMD)
• Measurements of the neutron signal in the n-rich  RIBs (SPES, 

SPIRAL2, FRIB, FAIR)

• Radioprotection 
• Measurement of neutron flux (single measurement, cross section)
• Validation of MC based code (GEAN4, MCNPX)

57th International Winter Meeting on Nuclear Physic – Bormio, Italy- 25 January 2019 E. V. Pagano.   LNS-INFN 12



Correlation functions
1+R q( )=CYCoinc(q)YUncor (q)

Intensity interferometry (HBT effect)

Space-time characterization of the emitting source 

Purposes of the project: a few example for the fundamental nuclear physic
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Correlation functions
1+R q( )=CYCoinc(q)YUncor (q)

Intensity interferometry (HBT effect)

Space-time characterization of the emitting source 

N. Colonna et al., PRL 75, 23 (1995) 4190-4193 

Purposes of the project: a few example for the fundamental nuclear physic
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Correlation functions
1+R q( )=CYCoinc(q)YUncor (q)

Intensity interferometry (HBT effect)

Space-time characterization of the emitting source 

N. Colonna et al., PRL 75, 23 (1995) 4190-4193 
R. Ghetti et al., PRL 87, 10 (2001) 

Purposes of the project: a few example for the fundamental nuclear physic
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Correlation functions
1+R q( )=CYCoinc(q)YUncor (q)

Intensity interferometry (HBT effect)

Space-time characterization of the emitting source 

neutron-neutron
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0.0

0.5

1.0

1.5

1

2

3

4

1

3

5

7

q (MeV/c)

1+
R

(q
)

proton-neutron

S(ρ) =CK (ρ ρ0 )
2
3 +Cp(ρ ρ0 )

γ

52Ca+48Ca E/A=80MeV 
Central collision

Lie-Wen Chen et al., PRL (2003); PRC(2005)

Purposes of the project: a few example for the fundamental nuclear physic
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In proton therapy, in particular in the pediatric one (but not only), the “damage” 
caused from the neutron to the healthy cells is one of the principal causes of the so 
called “ secondary radio-induced tumors” in particular if there are used degraders 
or collimators (passive technique)[1].

Anti-cancer therapy:
Risk of secondary radio-induced cancers

[1] Hall, E. J (2006) Intensity-modulated radiation therapy, protons, 
and the risk of second cancers. 
Int J Radiat Oncol Biol Phys 65: 1-7.

Purposes of the project: a few example applications
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In proton therapy, in particular in the pediatric one (but not only), the “damage” 
caused from the neutron to the healthy cells is one of the principal causes of the so 
called “ secondary radio-induced tumors” in particular if there are used degraders 
or collimators (passive technique)[1].

Anti-cancer therapy:
Risk of secondary radio-induced cancers

[1] Hall, E. J (2006) Intensity-modulated radiation therapy, protons, 
and the risk of second cancers. 
Int J Radiat Oncol Biol Phys 65: 1-7.

Measurement of cross sections (d2σ/dθdE) have a huge interest for the validations of 
Monte Carlo code like GEANT4 in particular for neutrons in the Fermi energy regime 

Validation of Monte Carlo codes

Purposes of the project: a few example applications
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Conclusions and perspective

Thank you for the attention

The results of the tests carried out so far are encouraging, seems possible to 
build a versatile and modular detector, which at the same time can detect 

neutrons and light charged particles with high angular and energy resolution, 
read by using silicon technology  ad with the digitalization of the signal 

New tests need in order to study the cross-talk problem and the timing 
properties of the EJ-276 green version able to be read by using silicon 

technology  

57th International Winter Meeting on Nuclear Physic – Bormio, Italy- 25 January 2019 E. V. Pagano.   LNS-INFN 16



Backup Slides

57th International Winter Meeting on Nuclear Physic – Bormio, Italy- 25 January 2019 E. V. Pagano.   LNS-INFN 17



Esempio di accoppiamento con correlatore 
per  particelle cariche 

T

DSSSD 32x32

300 μm+1500 μm

NArCoS
≈ 12 cmFARCOS

CsI(Tl)

CsI(Tl)

6 cm

CP

n

Accoppiamento FARCOS + NArCoS



Energy resolution of the 8,7 alpha peak

MeV

FWHM 2 = A⋅E+σ ele
2

σ ele
2 = 450

Eα

FW
H

M
2

σ tot
2 =σ int

2 +σ ele
2 →σ int

2 =σ tot
2 −σ ele

2 →σ int = σ tot
2 −σ ele

2

σ ele
2 = 450; σ tot

2 =1000→ ΔEtot
E

≈11%

σ int = 23→ FWHM = 55

ΔEbin =13.6 KeV ch→ΔE = 750KeV→ ΔEint
E

≈ 8.5%

Fit a 3 Gaussinane
E=5.7 MeV
FWH =50 ch
Max=200 

E= 8.7 MeV
FWHM = 74 ch
Max = 420 ch

For Eα=8.7 MeV







NArCOS prototype: 128 chs 
2 AGET-> 0.5 ASAD!!!!



Cross talk

N. Colonna et al., NIM A 381 (1996) 472-480 

È un problema poco rilevante in misure in singola mentre non si può sottovalutare per 
misure in coincidenza e soprattutto a piccoli impulsi relativi!

Ediff = E1 −
1
2
m(dmin /Δt)

2

E1 è lenergia del neutroni più veloce
Dmin è la minima distanza tra due rivelatori colpiti
Δt è la differenza temporale tra i due rivelatori colpiti
Ediff rappresenta l’energia persa dal neutrone le primo detector

L’energia minima che 
dovrebbe possedere il 
neutrone scatterato 
dal primo detector per 
r a g g i u n g e r e i l 
secondo detector nel 
tempo Δt

Se Ediff <0  la coincidenza è reale
Se Ediff > 0 ulteriori analisi statistiche sono necessarie 



ΔL=1.5 cm
(%

)

ΔE/E

n



C. C. Lawrence et al., NIM A759 (2014) 16



Sorgente portatile di neutroni (Messina)

reactions:
d+d -> n da 2.5 MeV 106 n/s
d+t -> n da 14 MeV 108 n/s


