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Reasons to go 
for Neutrons

• PROBING STRUCTURE AND 
MOTION

• HIGH PENETRATION
• A PRECISE TOOL

• HIGH SENSITIVITY AND 
SELECTIVITY

• A UNIQUE PROBE FOR 
MAGNETISM

• A PROBE OF FUNDAMENTAL 
PROPERTIES

ESS Technical Design Report S. Peggs (ESS, Lund)(ed.), 2013
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Few Applications
relevant for our project

• Radiation Portal Monitor (RPM) 
for homeland security

diffracted image

• Radioactive waste 
monitoring (PuO2 or PuF4) 
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• Complementary to   
X-ray imaging

• Neutron diffraction 
imaging



Neutron Detection 
in a Nutshell

• High energy: Hadron Calorimeter
• measure energy deposited in form of 

hadronic shower

• Moderate energy: np-Scattering 
• scattering with protons from material 

containing appreciable amounts of 
hydrogen

• Low energy: Exoergic Nuclear Processes 
• Use converter medium with large 

capture cross-section

Helium-3 shortage 
calls for alternatives

Mod. Phys. Lett. A 28 (2013) 1340025

Dana A. Shea, D. Morgan (2010)
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u-RWELL Advanced Neutron 
Imaging Apparatus (uRANIA)

Riccardo Farinelli - CPAD Instrumentation Frontier Workshop 20212021.03.22

Neutron detection technique
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Applications in grain mapping of structural and 
functional materials, characterization of protein 
crystals at spallation sources
Applications to homeland security à RPM portals

• Development of an innovative neutron detector based on micro-Resistive WELL 
technology: a compact, spark-protected, single-amplification stage MPGD

funded by

https://phase1.attract-eu.com/showroom/project/u-rwell-advanced-neutron-imaging-apparatus-urania/

G. Cibinetto - uRANIA (uRWELL Advanced Neutron Identification Apparatus)

JINST_10_P02008 (2015)

Boron-coated cathode PCB

https://phase1.attract-eu.com/showroom/project/u-rwell-advanced-neutron-imaging-apparatus-urania/


µ-Resistive Well 
Detector

• Single amplification stage resistive 
MPGD composed of
• μ-RWELL_PCB
• drift/cathode PCB defining 

the gas gap
• μ-RWELL_PCB

• ampl.-stage
• res.-layer
• r/out PCB (with suitable 

segmentation)
• Large area & flexible geometry 
• Comes in two flavors: low rate

and high rate
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Detector Performance 

Space resolution in u-TPC-mode 

Commissione Nazionale I - 20 Novembre 2020 

The “WELL”, suitably polarized 
applying HV between top and DLC, 
acts as a multiplication channel for 
the ionization produced in the gas

JINST 14 P05014 (2019)
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n + 10B ! 11B⇤ ! ↵ + 7Li
<latexit sha1_base64="ZEv9LHM+KHCyuujFVV/PNxnfBPU=">AAACKHicbVDLSgMxFM3UV62vUZdugkUQhTJThbqz1I0LFxXsA/riTpq2oZnMkGSUMrR/48ZfcSOiSLd+ieljoa0HAodz7uHmHi/kTGnHGVuJldW19Y3kZmpre2d3z94/KKsgkoSWSMADWfVAUc4ELWmmOa2GkoLvcVrx+jcTv/JIpWKBeNCDkDZ86ArWYQS0kVr2tRidj5qx6wwLeITrknV7GqQMnkbYqO6w0Dxb1OvAwx5MYrk71rLTTsaZAi8Td07SaI5iy36vtwMS+VRowkGpmuuEuhGD1IxwOkzVI0VDIH3o0pqhAnyqGvH00CE+MUobdwJpntB4qv5OxOArNfA9M+mD7qlFbyL+59Ui3blqxEyEkaaCzBZ1Io51gCet4TaTlGg+MASIZOavmPRAAtGm25QpwV08eZmUsxn3IpO9v0znC/M6kugIHaNT5KIcyqNbVEQlRNAzekUf6NN6sd6sL2s8G01Y88wh+gPr+wcimaYK</latexit>

• B4C enriched with 97% of 10B sputtered on a copper surface at the 
ESS Coating Workshop in Linköping (Sweden) with direct current 
magnetron sputtering technology

• About 94% of the time the recoiling 7Li ion is produced in an 
excited state and de-excites in flight, emitting a 477 keV g ray

• a particle and a 7Li ion are produced back-to-back, only one enters 
the gas volume and produces detectable signal

Neutron capture 
through Boron coating

• chemically stable
• not too expensive
• adherence to 

substrate
• low impurity level

uniform sputtering 
thickness on large 
surface
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Neutron Converter 
Simulation

12

Energy deposition 

● Our gas mixture has a ionizing energy ~ 31.5 eV
● Particles have range < 6 mm of gas
→ they release all the energy in the gas
→ ~104 number of primaries  

Even with a low gain (~500) the signal is measurable

• Simulation is used to optimize the detector and to extract the 
detection efficiency from the current measurement

• Gas mixture ionizing energy ~ 31.5 eV 

• Particles range < 6 mm of gas 

• all the energy released in the gas

• ~104 number of primaries 

• Neutron source energy distribution and divergence considered 
in the simulation

12

Energy deposition 

● Our gas mixture has a ionizing energy ~ 31.5 eV
● Particles have range < 6 mm of gas
→ they release all the energy in the gas
→ ~104 number of primaries  

Even with a low gain (~500) the signal is measurable

7Li ions

a particles

Energy release for different Boron thickness 

1 µm of B
2 µm of B
3 µm of B
4.7 µm of B

1 µm of B
2 µm of B
3 µm of B
4.7 µm of B
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Source test facility:
Hotnes (ENEA)

experiment. Both guess and final spectra are reported in Fig. 5.
As expected, the field is thermalized. The fluence fraction below

0.4 eV is indeed 85%. The fluence fraction in the region 0.4 eV–
0.1 MeV is 9.5% and 5.5% is the fluence fraction from 0.1 MeV up to
the maximum energy. According to the simulations, the thermal
fraction increases as the height in the cavity increases up to about
90% at Z=60.

6. Discussion and conclusions

The neutron characterization of a new thermal neutron irradiation
facility called HOTNES (HOmogeneous Thermal NEutron Source) was
presented. This is a polyethylene moderator, with about 70 cmx70 cm
square section and 100 cm height, including a large, cylindrical cavity
with diameter 30 cm and height 70 cm. A 241Am-B neutron source with
nominal strength 3.5×106 s−1 located at the bottom of the cavity,
produces the primary fast neutrons. Due to a shadow-bar located
between the source and the irradiation volume, the devices to be
irradiated mainly receive neutrons that experienced multiple scattering
events with the cavity cylindrical wall. Irradiation planes are disks with
30 cm diameter, located above the shadow-bar and parallel to the
facility bottom. The value of thermal neutron fluence across a given
irradiation plane is very uniform and its value range from about 700 to
1000 cm−2 s−1, according to the irradiation plane chosen. When in
place, the polyethylene ceiling causes a nearly isotropic field in the
cavity. When the ceiling is removed, a nearly parallel field emerges
from the cavity in the upward direction.

The facility was designed using MCNPX.
This experimental characterization was performed using:

1. Gold activation foils for determining the Φw(th) value at the facility
reference point (Z=50 cm, R=0, polyethylene ceiling in place);

2. Silicon-based active thermal neutron detectors to map the irradia-
tion volume as a function of Z and R;

3. A Bonner Sphere spectrometer to determine the neutron spectrum at
the reference point.

All experimental results well compared with the corresponding
simulated ones.

Further work is in progress to characterize the gamma field in the
irradiation cavity, but preliminary measured kerma rate values in the
order of 4–8 μGy h−1 (according to the irradiation place chosen) can be
considered at this stage.

A metrology comparison with NPL (UK) is in progress to confirm
the measured values of thermal neutron fluence rate.

HOTNES exhibits attractive features, like the simple and accessible
design, the high values of thermal fluence rate achievable with modest
neutron sources, and the high degree of homogeneity of the thermal
field in the irradiation planes. In addition, the different irradiation
scenarios achievable by using or removing the polyethylene ceiling, are
suitable for a variety of applications. These characteristics are expected
to trigger some interest in the scientific community involved in neutron
metrology, neutron dosimetry and neutron detector testing.
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• Detector characterization done @ ENEA (Frascati, Italy)

• HOmogeneous Thermal NEutron Source (HOTNES) – 241Am-B source 

• Thermal fluence rate about 750 cm−2 s−1

• Shadow bar to stop photons

• Energy spectrum peaks at 100 meV (FWHM ~290 meV) 

NIMA 843 (2017) 18–21 
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Proof of concept with planar cathode

111

Current calculation
Without the mesh:                 i = F * e * N

ION
 * G * S

●  i = current (C s-1)
● F = neutron flux (758 cm-2 s-1)
● e = efficiency = #a seen/#neutrons → from simulation
● N

ION
 = # ele from ionization = primaries & secondaries = E

DEP
/E

ION

● G = gain
● S = surface 10 x 10 cm2

With mesh, there are four contributions:

1- a from cathode not crossing the mesh

i
1
 = F * e1 * NION,1

 * G * S * T
ELE

2- a from cathode crossing the mesh

i
2
 = F * e2 * NION,2

 * G * S

3- a from mesh forward

i
3
 = F * e3 * NION,3

 * G * S

4- a from mesh backward

i
4
 = F * e4 * NION,4

 * G * S * T
ELE

[by Matteo]
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Testbeam results

Efficiency for thermal neutrons (25 meV)
about twice the values of the Hotnes setup
due to the source energy distribution

with Hotnes n source

1
NOT IN SCALE

G. Cibinetto - uRANIA (uRWELL Advanced Neutron Identification Apparatus)

11



Boron-coated mesh Adding a boron-coated mesh to increase the efficiency

Different contributions studied independently with 
simulation and source test

1

2
4

3

Preliminary results show
• about a factor 2 efficiency increase
• negligible dependance on the Boron thickness
• importance of optical transparency tuning

material wire diameter [um] pitch [um] opt. transparency

Copper 56 190 60%

Aluminum 53 74 33%

i1 = �⇥ "1 ⇥N1 ⇥G⇥ S ⇥ Telec

i2 = �⇥ "2 ⇥N2 ⇥G⇥ S

i3 = �⇥ "3 ⇥N3 ⇥G⇥ S

i4 = �⇥ "4 ⇥N4 ⇥G⇥ S ⇥ Telec
<latexit sha1_base64="S9BETFrWstAtPxfXOWqwtJyXHhI="></latexit>

1

2

3

4

NOT IN SCALE
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Grooved cathode

1

210

Edep with other spacings

spacing = 0.5 mm

spacing = 1.0 mm

spacing = 1.5 mm

spacing = 0.5 mm

spacing = 1.0 mm

spacing = 1.5 mm

● Standard spacing is 0.2 mm
● These (left) are the edep for alpha with a 

cathode with higher spacing: 0.5, 1., 1.5 mm

209

Edep in 2mm deep DDS (std)

spacing slopespacing peak

● The lower charge comes from alpha (lithium) generated between two teeth (spacing, left)
● also alpha on the sides of the teeth may deposit low energy (which is in any case around 200 

keV) (slope, center)
● The alpha from the top of the tooth have an edep similar to the planar cathode as they do not 

have obstacles in their path (peak, right)

Grooved cathode can also increase the efficiency

Different geometries 
under study

For each layout, the 
energy deposit has 
been considered on 
the spacings, slopes 
and peaks 

A factor ~2 of increase in the efficiency can be achieved

NOT IN SCALE
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Counting mode 
electronics

• Readout large fraction of the 
chamber with one channel

• Developed for large area application 
where position information is less 
relevant (RPM, RWM)

• Two readout under testing
• CAEN A1422-based

- gain ~0.2 mV/fC
- noise ~20 mV
- signal duration ~5 um

• CREMAT CR110-based
- gain ~0.5 mV/fC
- noise ~20 mV
- signal duration ~5 um

The A1422 series are charge sensitive preamplifiers, available with either 1, 4 or 8 channels. Various sensitivity values are avail-
able and various detectors capacitances are supported: 

• F2 type:  up to 200 pF         sensitivity: 5, 45, 90, 400 mV/MeV (Si) 
• F3 type:  up to 1000 pF   sensitivity: 5, 45, 90 mV/MeV (Si) 

All of them can be used in nuclear and subnuclear physics experiments, where very low noise, fast response and high counting 
rates are required. The modules accept both positive and negative input charge pulses and provide an energy output of ±4.5  V 
range on 50 Ω termination (±10 V on 1kΩ). Moreover, a test input accepts positive and negative signals for calibration purposes. 

The A1422 are implemented into alloy boxes and feature SHV connectors for the DET/IN and HV/IN signals, LEMO connect-
ors for the TEST IN and EOUT and a cable with a D-type 9 pin male connector for the power supply.  

Specification 

CAEN 
Tools for Discovery  

n

• Alloy box 

• Fast, low noise inverting preamplifier 

• Positive or negative input signals 

• Four available sensitivities:  
• 5 mV/MeV (Si) 
• 45 mV/MeV (Si) 
• 90 mV/MeV (Si) 
• 400 mV/MeV (Si) 

• Up to 1000 pF detector capacitance supported 

• 1, 4 and 8 channel model available  

• Up to 2000 V (positive or negative) detector bias voltage 

• Low noise input stage composed JFETs diode protected 

DS2631  - A1422 Low Noise Fast Rise Time Charge Sensitive Preamplifier  Data Sheet  rev.3 - 16 October  2018 - PCB modules 

(1) Measured with a CAEN 
N968 Spectroscopy 
Amplifier and N957 
Peak Sensing ADC shap-
ing time: 3 µs. 

(2) Test input rise time: 1.6 
ns, amplitude: 200 mV   
50 Ω termination. 

DS2631  

A1422 
 Low Noise Fast Rise Time Charge Sensitive Preamplifier   

Data Sheet 

Fig. 1: A1422 diagram 

+

-

RF

CF

4.7nF

4,7nF

Rbias

1M

INPUT

HV in

OUTPUT

400mV/MeV

Packaging 
Alloy Box 
 

Dimensions (WxHxD connector included): 
A1422Axxxx (1 ch):  40.0 x 30.0 x 124 mm3 

A1422Bxxxx (4 ch):  100.0 x 50.0 x 162 mm3 

A1422Cxxxx (8 ch):  100.0 x 50.0 x 162 mm3 
 

Charge Sensitivity 
5 mV/MeV (Si) 
45 mV/MeV (Si) 
90 mV/MeV (Si) 
400 mV/MeV (Si) (only F2) 
 

Recommended Range of Input 
Capacitance 
F2: up to 200 pF 
F3: up to 1000 pF 
 

Output Linear Range 
±10 V 1 kΩ termination  
±4.5 V 50 Ω termination 

Integral non Linearity 
<± 0.05% (0 ÷ ±10 V 1 kΩ termination )  
 

Temperature Instability 
< ±100 ppm/°C (0 to 50°C )  
 
Noise FWHM keV (Si)(1) 
          Detector capacitance 
Model        0 pF   200 pF 
F2 - 5 mV/MeV    < 4.7   < 7.6 
F2 - 45 mV/MeV   < 2.2    < 4.3 
F2 - 90 mV/MeV   < 2.2   < 4.2 
F2 - 400 mV/MeV   < 2.2   < 4.1 
Model        390 pF  1000 pF 
F3 - 5 mV/MeV    < 10.5  < 21.5 
F3 - 45 mV/MeV   < 5.8   < 13.2 
F3 - 90 mV/MeV   < 5.5   < 13.2 
 

Rise Time(2) 

          Detector capacitance 
Model        0 pF   200 pF 
F2 - 5 mV/MeV    < 5 ns  < 15 ns 
F2 - 45 mV/MeV   < 5 ns  < 15 ns 
F2 - 90 mV/MeV   < 10 ns  < 25 ns 
F2 - 400 mV/MeV   < 70 ns  < 110 ns 
Model        390 pF  1000 pF 
F3 - 5 mV/MeV    < 20 ns  < 40 ns 
F3 - 45 mV/MeV   < 25 ns  < 50 ns  
F3- 90 mV/MeV    < 45 ns <  100 ns 
 

Detector Bias Voltage 
±2000 V max 

Open Loop Gain 
5 mV/Mev  (F2 / F3)     > 1x105  
45, 90 mV/MeV (F2 / F3) > 1x106 
400 mV/MeV (F2)     > 1x106  
 

E2CRP Maximum energy-
squared count-rate product 
 
Sensitivity     E2CRP 
5 mV/MeV (Si)   1.57x1010 MeV2/s 
45 mV/MeV (Si)  1.57x108 MeV2/s 
90 mV/MeV (Si)  7.86x107 MeV2/s 
400 mV/MeV (Si)  7.00x106 MeV2/s 
 

Decay Time 
5 mV/MeV (Si)   100 µs 
45 mV/MeV (Si)  100 µs 
90 mV/MeV (Si)  50 µs 
400 mV/MeV (Si)  27 µs 
 

 

The A1422 series are charge sensitive preamplifiers, available with either 1, 4 or 8 channels. Various sensitivity values are avail-
able and various detectors capacitances are supported: 

• F2 type:  up to 200 pF         sensitivity: 5, 45, 90, 400 mV/MeV (Si) 
• F3 type:  up to 1000 pF   sensitivity: 5, 45, 90 mV/MeV (Si) 

All of them can be used in nuclear and subnuclear physics experiments, where very low noise, fast response and high counting 
rates are required. The modules accept both positive and negative input charge pulses and provide an energy output of ±4.5  V 
range on 50 Ω termination (±10 V on 1kΩ). Moreover, a test input accepts positive and negative signals for calibration purposes. 

The A1422 are implemented into alloy boxes and feature SHV connectors for the DET/IN and HV/IN signals, LEMO connect-
ors for the TEST IN and EOUT and a cable with a D-type 9 pin male connector for the power supply.  

Specification 

CAEN 
Tools for Discovery  

n

• Alloy box 

• Fast, low noise inverting preamplifier 

• Positive or negative input signals 

• Four available sensitivities:  
• 5 mV/MeV (Si) 
• 45 mV/MeV (Si) 
• 90 mV/MeV (Si) 
• 400 mV/MeV (Si) 

• Up to 1000 pF detector capacitance supported 

• 1, 4 and 8 channel model available  

• Up to 2000 V (positive or negative) detector bias voltage 

• Low noise input stage composed JFETs diode protected 

DS2631  - A1422 Low Noise Fast Rise Time Charge Sensitive Preamplifier  Data Sheet  rev.3 - 16 October  2018 - PCB modules 

(1) Measured with a CAEN 
N968 Spectroscopy 
Amplifier and N957 
Peak Sensing ADC shap-
ing time: 3 µs. 

(2) Test input rise time: 1.6 
ns, amplitude: 200 mV   
50 Ω termination. 
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Fig. 1: A1422 diagram 
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Packaging 
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Dimensions (WxHxD connector included): 
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Charge Sensitivity 
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45 mV/MeV (Si) 
90 mV/MeV (Si) 
400 mV/MeV (Si) (only F2) 
 

Recommended Range of Input 
Capacitance 
F2: up to 200 pF 
F3: up to 1000 pF 
 

Output Linear Range 
±10 V 1 kΩ termination  
±4.5 V 50 Ω termination 

Integral non Linearity 
<± 0.05% (0 ÷ ±10 V 1 kΩ termination )  
 

Temperature Instability 
< ±100 ppm/°C (0 to 50°C )  
 
Noise FWHM keV (Si)(1) 
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Model        0 pF   200 pF 
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Model        0 pF   200 pF 
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F2 - 45 mV/MeV   < 5 ns  < 15 ns 
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Model        390 pF  1000 pF 
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±2000 V max 

Open Loop Gain 
5 mV/Mev  (F2 / F3)     > 1x105  
45, 90 mV/MeV (F2 / F3) > 1x106 
400 mV/MeV (F2)     > 1x106  
 

E2CRP Maximum energy-
squared count-rate product 
 
Sensitivity     E2CRP 
5 mV/MeV (Si)   1.57x1010 MeV2/s 
45 mV/MeV (Si)  1.57x108 MeV2/s 
90 mV/MeV (Si)  7.86x107 MeV2/s 
400 mV/MeV (Si)  7.00x106 MeV2/s 
 

Decay Time 
5 mV/MeV (Si)   100 µs 
45 mV/MeV (Si)  100 µs 
90 mV/MeV (Si)  50 µs 
400 mV/MeV (Si)  27 µs 
 

 

Detector
Input

Anode signal
TOP signal
reference PMT

test with m.i.p. signal waveform acquired 
with a Picoscope for 

amplitude analysis
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Counting mode 
electronics

• First validation done with 
Hontes source

• Signal amplitude from neutron 
conversion (top) is compared 
with simulation (bottom)

• Simulation reproduces the 
same features of the data down 
to the noise level

Riccardo Farinelli - URANIA-V meeting2021.03.22

Latest results with the counting (summary)

4

Deposited energy and signal amplitude are compared.

Conversion factor: 1MeV ~ 115 mV @ 540V

High threshold limits the statistic. Now at best we set the threshold at 46 mV ~ 0.4 MeV and the

effieciency is 67% of the spectra.

High noise level reduce the signal amplitude measurement (not needed now)

SIMULATION EXPERIMENTAL
Edep from simulation (a+7Li)

a particles step

7Li ions step

G. Cibinetto - uRANIA (uRWELL Advanced Neutron Identification Apparatus)
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Entries  49924
Mean    372.1
Std Dev     225.7

0 200 400 600 800 1000
Signal amplitude [mV]

0

500

1000

1500
Entries  49924
Mean    372.1
Std Dev     225.7

Maximum {abs(Time-5000)<600 && abs(Width-3500)<1500 && tot_average>0.2}Signal amplitude spectrum

(CREMAT CR-110 readout)



All in all

1. µRWELL_PCB

2. HV and filtering

3. Anode readout connectors

4. Counting mode electronics

5. External shielding

2

3
4

1

5
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Technology transfer: µ-RWELL_PCB @ELTOS

• ELTOS performs the coupling of the DLC-foil with the readout PCB (only for low-rate layout)

• The max size of the µ-RWELL-PCB that can be produced by ELTOS is about 600x700 mm2. Up to 8 
PCBs of such a size can be manufactured at the same time

• The PI etching to be done @ CERN
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INFN and ELTOS participate to the 
AIDAinnova project for further TT
https://cordis.europa.eu/project/id/101004761
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Summary and Conclusions

• The µ-RWELL technology, robust, easy to assemble and relatively cheap MPGD, can be a valuable 
alternative for neutron detection

• µ-RWELLs have been successfully tested for thermal neutron detection with a 10B layer as 
converter
• Source test data confirms simulation studies with good accuracy

• Efficiency improvement by means of grooved cathode, converting mesh and other detector layout
• 10-20% efficiency achievable with a single detector for 25 meV neutrons
• higher efficiency with multiblade or multi-stack configurations

• For neutron imaging applications standard MPGD electronics can exploit the high spatial 
resolution of the µ-RWELL detector

• For Radiation Portal Monitors counting electronics under development will reduce the costs

• Technology Transfer is ongoing
• large area µ-RWELL_PCB can be produced by industries (except for the Kapton etching)
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