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Development of an innovative neutron imaging detector based 
on micro-resistive well technology [1]: 

● compact, 

● spark-protected, 

● single amplification stage Micro-Pattern Gas Detector. 

Construction and test of small planar prototypes with readout 

boards segmented with strip/mini-pad readout equipped with 

already existing electronics. 

Its characterization will be done by means of a neutron beam test. 

This proof of concept will lead to the development of detectors for 

neutron beam diagnostic. 
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This device is meant to allow the detection of thermal-neutron 
through the release of 7Li/  particles inside its active volume thanks 𝛼 particles inside its active volume thanks 

to the deposition of few um of Boron-10 on the copper surface. 
The reactions that allow this mechanism are:

The 7Li/𝛼 particles inside its active volume thanks  production are back to back, allowing to have mutually 
exclusive events.
The conversion results have to reach the gas inside and their cross 
section with the B4C it is not negligible. To study this mechanism, 
simulations are being performed for different B thickness 
considering 1 million neutrons at the start and counting the 
numbers of particles arriving in the gas.

The Source
HOTNES HOmogeneus Thermal NEutron Source

● Production: 
241Am-B source placed in the cylindrical cavity 
delimited by polyethylene walls. A shadow bar 
prevents fast neutrons to directly reach the 
samples.

● Characterization: 
full energy spectrum and fluence known at 
various height in the irradiation volume. 
(REF: Z=50  Fluence = 758 → Fluence = 758 ± 16 Hz/cm2s)

● Background: 
very low gamma at the reference point.

A fine gain calibration of each 
detector is performed to reproduce 
the beam test conditions using an X-
ray gun. 

TESTED RANGE 
HV=[300;700] V 

GAS MIXTURE
Ar/CO2/CF4 45:15:40

The Reference

Reference current is being measured 
with a device with a cathode without B 
coating.

A small background is present once 
the device is placed inside Hotness 
(BLUE SQUARES) compared with the 
situation outside (RED DIAMONDS), but it 
is negligible with respect to our 
operation point.

The Operating Range

The current drawn by the resistive 
plate is investigated as a function of the 
gain when large ionization occurs.
(N

𝛼 particles inside its active volume thanks 
= 2.2·104; NLi= 1.1·104 )

The detector shows a linear behavior at 
low gain, but at higher values some 
saturation occurs due to the high rate. 
It has been decided to focus on the region 
HV = [200,700] V for these studies. 

The Cathode Attenuation The cathode support is made of epoxy 
glass. The attenuation of the current drawn 
is studied stacking different  cathode 
without B in front of the detector.

Every cathode decreases the current by 
(17.7 ± 0.7)% as expected from the 
simulations when the PCB contains Boron 
and Hydrogen.

It is possible to estimate the thermal 
neutron flux entering the  Boron Layer: 

- Nominal Flux 758±16 Hz/cm2s
- Effective Flux 624±28 Hz/cm2s

The Efficiency

SIMULATED EFFICIENCY: ( # 7Li + # 𝛼 particles inside its active volume thanks  ) / Total Number of Neutron Produced

MEASURED EFFICIENCY: ε = I / e R G <N>

  I  Measured Current→ Fluence = 758 
  R  Thermal Neutron Fluence Irradiating the detector→ Fluence = 758  

   G  Gain of the Detector→ Fluence = 758 
<N>  Average ionization generated in the gas gap by the alpha or Lithium → Fluence = 758 

ions coming from the interaction of the thermal neutron with 10B atoms
 

There is a good correlation between the simulated and the 
measured results for all the different mechanics tested. 

The device is based on the resistive detector concept. It is highly reliable and ensures an efficient spark quenching 

mechanism. It is composed by two main elements:

- Cathode. ➀
A standard  μ-RWELL cathode PCB (Cu layer on a glass epoxy plate) has been coated with a few  μm of 10B deposition ①.  This layer thickness is 

crucial for the conversion and must be optimized: four prototypes with different thickness of 10B (1.5, 2.5, 3.5, 4.5  μm)  have been produced.  

- Readout-PCB. ➁
It includes a WELL patterned Apical® foil acting as amplification stage realized by photolithography as a matrix of wells on a thick 

polymide substrate. This is embedded in the board through a resistive layer  with surface resistivity ρ ~ 10÷200 MΩ/  ☐  ➁ realized by 

means of an industrial process with DLC (Diamond Like Carbon) [2].

The cathode deposition is performed by the ESS Coating Workshop in Linköping, Sweden [3].
The anode PCB manufacturing, apart from the DLC coating, was performed ELTOS S.p.A. (Italy) [4] (in charge of the construction of all components). 

The etching of the polyimide-based amplification stage that will be performed by TECHTRA (Poland) [5]. 

➀

➁

BLUE SQUARED BLUE SQUARED Nominal Flux 758±16 Hz/cm2s    
RED DIAMOND RED DIAMOND Effective Flux 624±28 Hz/cm2s
YELLOW TRIANGLE YELLOW TRIANGLE Simulations

Entries: 10372
Mean: 0.9409 MeV

The Calibration

# Cathodes

An overall neutron detection efficiency ranging between 1.5 ÷ 2.0 (±0.2) % has been measured with 10B deposition in the range 1.5 ÷ 4.5 micron thick.  
Systematic effects (measured and simulated) due to the absorption and back-scattering of the thermal neutron on the FR-4 glass epoxy structure of the cathode PCB is taken into account.
To increase the detection efficiency, a stack of Boron-coated aluminum mesh will be placed between the cathode and the readout PCB. 

A second beam test is planned to study the new mesh layout.   Moreover, the spatial resolution will be investigated by means of already existing electronics that allows charge and time readout; 
charge centroid and μTPC clusterization algorithms, developed for the BESIII Cylindrical GEM detector, will be adapted to this new detector configuration.
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Entries: 11910
Mean: 0.8409 MeV

Entries: 10372
Mean: 0.9409 MeV

Entries: 11275
Mean: 0.8437 MeV

Entries: 10603
Mean: 0.8452 MeV

B : 2.5 μm B : 1.5 μm 

B : 4.5 μm B : 3.5 μm 

 Kinetic energy of particles results of the conversion 
inside the Boron entering the gas

A preliminary characterization 

of the prototypes has been 

performed at the ENEA-

HOTNES in Frascati [6]. To 

measure the neutron 

detection efficiency, the 

detectors are read-out in 

current mode through a 

CAEN HV module A1561HDM.
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