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In this context, we aim at developing a novel Recoll-Proton Track Imaging
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State of the art

Lower efficiency large n-energy threshold
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Recoil Proton Technique
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- If the neutron direction is
known, the measurement of the
recoiling proton energy (range)
and direction can be used to
deduce the incident neutron
energy and direction (scattering
plane and scattering angle can
be determined)

- If incident neutron direction
and energy are unknown double
elastic scattering events can be
used.



Recoil Proton Technique

Three vertices
* pn-source

p',E = Eyjy, cos? 6, e primary (first proton scattering)
nE=E.n * secondary (second proton scattering)
. > [ e
@ neutron
@ proton \ p”,E = E'cos? 0,
/ primary and secondary vertex
In a plastic scintillator - + proton energy measured
n”,E — EII

n’ energy deduced



Option 1: High Sensitivity CMOS (INFN-CT)

Incidental light Incidental ight

CMOS camera
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Front-illuminated structure Back-illuminated structure

Pros:
Easy implementation
Benchmark for optics

Adapter ring

Sony IMX294(mono)
4k x 2.8 k pixels

14 bits ADC, monochrome Low power
cons:
In progress@INFN-CT L ow fps

No external correlation




Option 2: fast sensor and ASICs readout (INFN-BO)

 TimePix 3.0

Pros:

Real-time (1 ns response)
High rate ( )
Large surfaces (>1 cm?)

Cons:
Complexity, cost

Photons

Lens

Photocathode

MCP

TIMEPIX



Interactions and detection efficiencies (proton track reconstruction)

Single event for energy = 020 MeV

B neutron
= proton
B Cl12

[ photon

E =20 Mev B clectron/positron
n [ alpha
El cther

Detection volume: 6x6x6 cm?3
Neutron energies: 3-100 MeV
Proton ranges: 0.2 — 30 mm
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Neutron kinetic energy (MeV)

Track reconstruction in progress (INFN-BO)



Cube
Optics simulated by the | 1| [Asiexsiume

INFN-Bo group .

CMOS
Sensor

A simple MC in order to have an idea of

T T the mage size and overal performances

s: scintillator size 60 mm I\/Iain problems .
s’: side of the active cube 40 mm .
e aberrations
d: side of the CCD sensor 20 mm fiold of vi
o
f: focal length of the lens 30mm f=D/2 I€ld o Vle.W
D: diameter of the lens 60 mm ¢ deDth Of fleld
a: position of the lens 71mma=p” -p’

b: position of the sensor 45 mm b = fp”’/(p”’-f) small active volume
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PCA analysis 30 MeV proton track By Patrizio

more than a simple regression problem
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Application: solar neutrons detection In space

Space exploration is the only method to detect neutrons (En<100MeV), while spacecraft
and ground-based detectors can detect neutrons (En>100MeV) simultaneously

Neutron-dominated enhancements are always connected with the observable flares, while the solar origin
of proton-dominated enhancement often concentrates at the western heliolongitudes

MESSENGER (MErcury Surface, Space EN
vironment, GEochemistry and Ranging)

BepiColombo
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