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RIPTIDE: Recoil Proton Imaging Detector




Working principle

2 (or 3) bidimensional images
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Recoil Proton
Technique

Trigger system + ToF



Methodology: Recoil Proton Technique

n;E — Ekln /01'

B
»

. neutron

@ rroton n,E=FE \

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



Methodology: Recoil Proton Technique
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CCD image of a double scatter from James M. Ryan, et al. «A Scintillating Plastic Fiber Tracking Detector for Neutron

and Proton Imaging and Spectroscopy», https://scholars.unh.edu/ssc/208 ALMA MATER STUDIORUM

a 65 MeV neutron incident from top



State of the art

Optic system to «photograph»
particles (p, e, W)

Neutron track Imaging with
Single and Double scattering
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Some applications

Aoplication Configuration Dimensions Neutron energy Backeround data tacking | Experimental
PP (n. scattering) | (cm x cm x cm) (MeV) & (duration) site

Double 5x5X5 : :

Solar neutrons S — S——— 10-50 Cosmic rays months satellite
Spa.ce . Single scatt. ~ 10x10x10 10 — 1000 Secc?ndary weeks elberEe,
radioprotection (up — down) particles +y
Ha@ronthera.py Doub!e 10x10x20 10 — 200 Secc?ndary weeks el erEE
radioprotection scattering (MONDO) particles + vy
Nucl. Phys.: N-N Smgl? 6X6X6 10 - 50 Secc?ndary weeks Laboratory
scatt. length scattering particles + vy
Soil moisture SR ECE 6X6Xx6 10-50 Cosmic rays months On the ground

(up —down)
Nucl. Phys.: Smglc.e 10x10x10 <100 Secc?ndary weeks Laboratory
Rad. beams scattering particles + vy

.~y .
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100 | -
RIPTIDE, so far: Geant4, n + scintillator " nointeraction ~ 50%
101 ] Other interaction
n BC-408 2 Single scattering
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2 102 Double scattering
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Efficiency (%)
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Single event for energy = 020 MeV

EE neutron
= proton

E=20MeV | =%

RIPTIDE, so far: Geant4, n + scintillator = o

EE other

E,=20 MeV

Single scattering
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\ Single

scattering
\ /

L > 0.2 mm Single event for energy = 020 MeV
1 i E= neutron
DOUbIe Scattering = irf;on
En=20 MeV =1 photon
B clectron/positron
3 alpha
B cther
L>0.2 mm | | x
107" )
1 | | | | | |
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10 Double scattering

Neutron kinetic energy (MeV)

E, =20 MeV
> Single scattering: efficiency ~ 10%
> Double scattering: efficiency ~ 1% ST BOLOGHA




RIPTIDE, so far: SiPM test
J

Peak amplitude of
500 1 signals with Cinefoil

CINEFOIL:

/\/\/\/\/\» . .
» Only direct light

> Lower signal
> Better time resolution
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h o . § 40
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11



RIPTIDE, so far: optic system simulation

Cube CMOS

A Active volume Sensor
D
s SI d
\ 4
v v

» Snell law = 67% photons
» Polarization = 95% photons to sensor
» Aberration
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RIPTIDE, so far: optic system simulation

10 -
ot — _ i FaceXZ | - ...
25 FaceXY |- . s e,
sE . - AT e TR
> Pointlike sources in the cube < 2| Wl
2 O -
> Isotropic direction oF oF
> # of photons: 6.88x10% N3 E
4 T F
> Equivalent to 6.88 MeV p " spherical o _ ‘
o aberration B T S
o - o . . coord ¥
S o T

coord X

Cube 53x53x53 mm3 Cube 40x40x40 mm3 cube 30x30x30 mm?3

Residual x direction __ ¥res Residual x direcfion  xres Residual x direction  xreg
Entries 1000 Entries 429 Entries 181
0 Mean 0.2663 F
40f] Std Dev 1743 C = Mean 0372 a2 il Mean 02917
H X 2 nof 245.1/93 25~ X 5td Dav 0.9312 20 Std Dev 0.4836
a5 Prob 1.2280-15 L X2 { 7507147 18E- X ¥l 056/ 26 . = H
o t4812248 i : Decreasing ACTIVE Cube dimension
F Sigma  (0.9386 = 0.0862 r Constant 20.81+ 1.73 Constant 16,96 + 2.00 . ey ® o o
g > Improve Position Precision
F 5 Sigma  0.6856 = 0.0457 Sigma  0.3539 + 0.0304 e o
: » decrease detector efficiency
15 10}
toF :
E 5
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coord Y

RIPTIDE, so far: optic system simulation with Geant4

PROTONS

, 1op Face XY - . NUF - Face XZ > Cilindric source
: N ) g Ei A FnEan NI > Isotropic direction and position

: . . : _ » Energy: 30 MeV

Z: f 0 : & » 10 k photons per MeV

f : 5 i : > p/f=3, f=30 mm

~ 1440 photons/view

E— ) : z: Decreasing the radius of the lens
£ ” £ spherical aberration 2 ok
: i s ' . I?ackground > ok
N3 C . o light yield = ko
N R =10 mm - R=5mm

coord X

~ 80 phOtOnS/Vlew ALMA MA%E# éTUDIORUM
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~ 340 photons/view



RIPTIDE, so far: track reconstruction algorithms - 1/2

5 _

Linear Fit
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R=0.5cm

CMOS pixel: 100x100
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RIPTIDE, so far: track reconstruction algorithms -2/2, PCA

3D Track Reconstruction

€
E -
2 -
3 B
N 0.05—
0.04— I
B photon source by MC Number —— photon source MC
B reconstructed data of 0.03
photons |~ reconstructed
0.02[— 1
0.01—
Source: 30 MevprOtonS 0: 1 | 1 I 1 | 1 l | | 1 I 1 | 1 | | | I -‘ I | 1 I | | 1 l |

Along track [mm]
Reconstructed range

» Generated in (2x2x2)cm?3 cube inside detector

» Isotropic direction

ALMA MATER STUDIORUM
jl% UNIVERSITA DI BOLOGNA



Summary and Conclusion

Studied:
» GEANT4 Simulation
> p+BC408
» n+BC408
» Optical photon transport
» MC of a simple Optical System
» Systematics of optical parameters
» Point-like source
> (Extended, i.e.) proton source
» Track Reconstruction
» Point interpolation
» Principal Component Analysis

Challenge:
» Optical system
» Small aberration
» High light collection
> System geometry
» compact detector
> Prototype
» scintillation light photograph
» Benchmarking of MC simulation
» Track reconstruction
» Double scattering
> New methods (Al)
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Cross Section (b)

E+1 ¢+

E+0 +

E1 4

n p total scattering
n C elastic scattering
n C total scattering

10 MeV 100 MeV

L L 1 1 1 1 1 1 1 1 1 1 [ |
4 5 6 78 q;l;v 2 3 4 5 6 78 %la
Incident Energy (eV)

2

0 n pis only elastic (at this energy)
0 o(n C) > o(n p) = large bkg events?

[ p elastic scattering | n in a plastic scintillator

BC-408

Polyvinyltoluene
H:C=1.1

Detection volume: (6 cm)3
neutron energies: 3-50 MeV
proton ranges: 0.2 - 30 mm
H:C=1.1
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proton (A=2Z=1)

A

n p Single scattering

O0<E, <E,

0 <E < (1-

(A-1)2

(A+1)2

nC

Energy distribution of first recoil proton
scattering

5 MeV
10 MeV
o 20 MeV
[ 50 MeV
100 MeV
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20 50
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p escape from the scintillator

e
np
Single — Multiple scatt
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consequence ‘

carbon (A=12,Z =6)
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p & C Range

Range in plastlc scmtlllator
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R(E) = aE?

a depends on material
p on Energy (~ 1.75)

m Zb a = carbon

Ra(v) = Rb(v) b = proton

m,,za V> energy

\p
n at 60 MeV i
a Rp= 35 mm N c .
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Carbon range - 0 (lighted pomts)
signal below thereshold AT STUDIRUM
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