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The n_TOF NEAR station

Photos from A.P. Bernardes presentation,
n_TOF meeting 25/11/2021
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• Very close to the Pb spallation target (~3m flight path)
• Commissioned in 2021

• n_TOF mixed field irradiation places for n_TOF, R2M, R2E 
collaboration applications, along the center of the external cone aperture :

neutrons



NEUTRON FLUENCE CHARACTERISATION at NEAR (simulations)

Radial dependence of neutron fluence:

Beam spot ~4 cm radius



NEUTRON FLUENCE CHARACTERISATION at NEAR (experimental)

MAM1 MAM2 ANTILOPE

To-date:
• Based on the Multiple Foil Activation Analysis (MAM1 and MAM2 configurations) and the 
Moderation-Absorption technique (ANTILOPE).
• Successful experimental campaigns in 2021, analysis ongoing.

• The above mentioned techniques are based on neutron ACTIVATION, no active detector yet at NEAR. 

With the present LoI we propose to measure the neutron fluence at NEAR with an active detector,
based on the diamond technology. Detector development will be implemented in order to cope with 
the extremely high neutron fluence.



Why diamond sensors??
• Diamond sensor (allotrope of carbon) is characterised by 
Øhigh radiation resistance, 
Øhigh thermal conductivity /low thermal expansion coefficient 
Ø fast response time 
Øhigh rigidity, biological and chemical inertia. 
ØGood energy resolution (sub 1% for 5.5 MeV alpha particles)

• Diamond sensor will be especially developed by CIVIDEC Instrumentation [3] for the flux measurement at NEAR:
Single crystalline sensor fabricated via the CVD (Chemical Vapour Deposition) technology.

Proposed characteristics: 50 um thickness, 4x4 mm2 active surface, 6LiF converter

Successfully used in 
• neutron induced reaction studies 
• neutron fluence measurements, 
even in harsh radiation environments [1,2] 

[1] E. Griesmayer et al., A novel neutron flux monitor at the Vienna TRIGA Mark II reactor,
IAEA-CN-231-A.17, 2015
[2] M. Angelone and C. Verona, Review-Properties of Diamond-Based Neutron Detectors
Operated in Harsh Environments, J. Nucl. Eng. 2021, 2, 422–470
[3] https://cividec.at/ 



Neutron detection principle 

based on a secondary reaction:
6Li(n,t)

Diamond sensor measures the 
secondary t and ⍺ particles

based on neutron interactions
in the diamond:

12C(n,el) and 12C(n,inl) 
For En > 6MeV also 12,13C(n,xα/p)

• Schematics of proposed detector setup:

diamond 
sensor

diamond 
sensor

This principle already used in fission reactors and
fusion tokamaks [1]

[1] M. Angelone and C. Verona, J. Nucl. Eng. 2021, 2, 422–470



Estimated diamond det. response at NEAR (I)
Expected Counting Rate estimation, based on:
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Efficiency vs neutron energy
(simulations)

Calculation performed by Christina Weiss

count rate too high 
to be resolved

Detector current will be measured to extract the neutron fluence

Sudden drop <10 keV

Counting Rate: 

FLUKA simulations 
of neutron flux
(scaled to detector area and 
number of protons on target,
converted to neutron rate)



Detector Current: 
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Conversion Yield (Y):
Y = Qm * e
Qµ =  Mean charge / neutron interaction
e =  Neutron detection efficiency

Estimated diamond det. response at NEAR (II)
Expected Counting Rate estimation, based on:
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FLUKA simulations 
of neutron flux
(scaled to detector area and 
number of protons on target,
converted to neutron rate)

Calculation performed by Christina Weiss



Estimated diamond det. response at NEAR (III)
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Detector Current 

Strong fluctuation of detector current=> 
Detector signal will be splitted and treated with 2 different preamplifier
gains + 2 ADC channels . Development ongoing in Vienna.

Low gain preamp,
ADC1

High gain preamp,
ADC2

Storage of waveforms at 10-12 bit oscilloscopes for consequent offline analysis.



Estimated diamond det. response at NEAR (IV) 
• Very low intensity pulses (5e10 ppp):
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count rate too high 
to be resolved
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Detector Current

Measurement of the AC detector signal will be possible



Proposed planning of measurements

Ø7 × 1017 protons are requested in total, for the following planning:

• 2 × 1017 – debugging + intensity ramp
• 2 × 1017 – central position neutron fluence measurement
• 1 × 1017 – beam homogeneity scan of the NEAR collimator 10 × 10 cm2 in 0.5 cm steps (detector mounted on 

special XY-table that can be moved remotely)
• 1 × 1017 – neutron fluence measurement with B4C filter, useful for activation measurements [1]
• 1 × 1017 – neutron fluence measurement without 6Li converter, central position (elastic 12C + delayed photons 

estimation)

Ø The number/splitting of protons is indicative and will highly depend on the performance of the detector and 
includes contingency for parallel detector and electronic chain development, which in consequence might require 
splitting the measurement in two time periods to leave time for detection system adaptation (for example one run 
in 2022 and one run in 2023).

Ø Any suggestions, remarks, propositions, new members at the “DEAR” collaboration are more than welcome !
Thank you!

[1] E. Stamati et al., CERN-INTC-2022-008; INTC-P-623 (2022)



Extra slides





Conversion yield

© CIVIDEC Instrumentation 14

Energy Interval e (ENDF/B-VIII.0) Qµ [fC]

En < 10 keV 6Li(n,a)t Q-value/2/Eion*qel = 29.4 fC

10 keV < En < 1 MeV
6Li(n,a)t  
12C(n,el)

Q-value/2/Eion*qel = 29.4 fC
f1( En ), see below

En > 1 MeV 12C(n,tot) f2( En ), Geant4 P. Kavrigin
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Gamma background, grossier estimation from EAR2 simulations

Delayed gammas 
not expected to 
significantly influence the 
measurement 


