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Active area: 
1cm2 
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TNRD Thermal Neutron Rate Detector

Made out of 2 silicon diodes, one sensitized to 
thermal neutrons with 6LiF deposition
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DIODE 2 = Background 

DIODE 1 = Signal + Background 

thermal
• Differential readout
• Minimal gamma sensitivity
• Range: from few cm-2 s-1 up to 107 cm-2 s-1

• Unbiased (20mm depletion depth)
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[1] Radiat. Prot. Dosim. (2014) 161 241-244



TNRD Calibration

Calibration at ENEA Casaccia (RM) TRIGA Reactor (100kW – 1MW)

Calibration factor:
F = 0.249 µV*cm2*s  (unc. 2%)

y = 0,0015x + 0,0312
R² = 0,9988
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TNRD Linearity
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Measurements results - linearity

Linear dependence of the neutron fluence rate
on the linac dose rate (MU/min)

TNRDs work in a pulsed field
TNRD detector

Φ̇௧௛ = 1.75 ± 0.04 10଺ 𝑐𝑚ିଶ 𝑠ିଵ

E-LiBANS thermal cavity central position, 18 MV, 400 MU/min:

66 MU/min

133 MU/min

sample number

e-Linac pulses

neutron pulses
in the cavity
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18 MeV

15 MeV



Neutron Spectrometers
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Bonner Sphere System + TNRD

• Insensitive to LINAC RF
• Sequential exposition of the 

spheres in the cavity

• Unfolding of the detector readings

Response curves for of Bonner Spheres + TNRD system 

Bonner Spheres System (BSS) 
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• Unfolding code  heuristic 
process 



e_LiBANS thermal Cavity Spectrum measurement

Neutron energy spectrum measured with Bonner Sphere System + active TNRD

Unfolding with FRUIT
convergence procedure 
starting from a guess 
spectrum 

87%

11% 2%

Φ௧௛ = 2.07 ± 0.07 10଺ 𝑐𝑚ିଶ 𝑠ିଵTrue thermal neutron fluence rate:



• Seven TNDs along the axis
• Spectral resolution and lateral rejection
• HPDE Collimator 50 cm diam x 30 cm h 

Hole diameter 16 cm, B-plastic lined
• 35 cm h x 50 cm diam detectors part  
• Capsule for detectors: 20 cm diam,  

includes one cm lead disk (high-E)
• Air holes to increase deep response

HDPE  AIR  Pb   B-plastic

Radiat. Meas. 82, 47-51 (2015)

Cylindrical SPectrometer design
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CYSP response
Radiat. Meas. 82, 47-51 (2015)



The HMGU measurement station at UFS Schneefernerhaus 
(2650 mt, 4.1 GV) 

1.Compare with the HMGU Extended Range Bonner Sphere
Spectrometer (3He-based, 15 spheres, 2 of which with extended
range + 1 bare detector).

2.Eliminate the omnidirectional “albedo” component affecting 
the ERBSS

CYSP workplace testing
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The neutron beam at SARAF (SOREQ, Israel)

1.92 MeV protons on a liquid Lithium target
peak current 500 μA
Different pulse durations and repetition rates

CYSP workplace testing

liquid Li
chamber

neutron
beam

CYSP
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Conclusions
 The e_LiBANS facility in Torino provides intense and well characterized neutron fields, tunable in intensity 

by varying the beam current and  energy
 Thermal neutron detectors were developed by depositing 6LiF on Si/ SiC devices (in-house process,

satisfactory n/g, sensitivity scales with area, able to work in pulsed fields, good linear response)
 Accurate calibration campaigns (Casaccia, NPL) allowed to determine their response curves at 3% level
 Silicon carbide devices proved to be radiation resistant up to 5 x 10 13 n cm-2 with a neutron to photon

sensitivity 10 -4

 Multi detector systems have been developed:
 4 x 4 matrix of SiC’s as neutron field transverse uniformity monitor
 Bonner Sphere System Spectrometers with TNRD can span thermal to 20 MeV neutron energy
 Cylindrical Spectrometers (for directional neutron sources) on an extended neutron energy range

 Developments of new detectors are ongoing mostly for biomedical applications (BNCT among others)
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“Options” to increase Fluence rate

18 MV FFF option

18MV standard

1-Removal of Flattening filter (implemented):
• g-mode 18 MV FFF 
• e-mode 18 MeV  FFF 
Expected a factor 2 increase (to be 
measured)

2- Beam energy increase up to 
20 MeV is feasible but under 
discussion with ELEKTA
Expected a factor 2 increase in the 
neutron Fluence rate

Bremsstrahlung spectrum
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Thermal neutron field depth gradient
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Fluence rate decrease: 5% over 20 cm in closed cavity condition

Data uncertainties include detector sensibility and position measurement



24-07-2018  -
Valeria Monti

Calibration of  the BSS + TNRD system

• Bonner Spheres + LiI(Eu) scintillator  
calibrated at NPL UK (primary standard) 
with mono-energetic beams 144 keV, 
545 keV, 1.2 MeV [*] 

• Response matrix of the BSS+TNRD 
system calculated by MCNP

• Validation and calibration by exposing 
the two systems to the same spectrum at 
ENEA Frascati Neutron Generator (FNG)  

[*] R. Bedogni, A. Pola, M. Costa V. Monti, D. J. Thomas . Nucl. Instrum. Methods A 897 1821, 2018.

ENEA-FNG

FNG-spectrum



Thermal neutron field uniformity

Relative Thermal Fluence Rate 

Φ௧௛ = 1.75 ± 0.04 10଺ 𝑐𝑚ିଶ 𝑠ିଵ

E-LiBANS thermal cavity central 
position, 18 MV, 400 MU/min:

25x25 cm2

uniform within the 4%

TNRD MCNP6

Maximum 
deviation

7% 8%

Standard 
deviation

2% 2%

TNRD measurement on 49 positions in the central cross plane of the cavity (18 MV)



CYSP prototype
2013: Mono-energetic neutron fields from 
144 keV to 16.5 MeV at NPL (UK)

Overall uncertainty of Response matrix 
estimated as < ±2% (comparison 
between observed and calculated count 
rates).

NIM A 782 (2015) 35-39


