A SiPM-Based Compton Camera with Walk-Rejecting Trigger
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 In Targeted Radionuclide Therapy, beta- or alpha-emitting
T sources are bound with targeting molecules to deliver
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localized irradiation to the tumorous cells.

 Emitted Gamma Rays can be detected to monitor

radionuclide distribution.
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Higher statistics can be achieved
than conventional SPECT methods.

Gamma rays undergo Compton scattering in the two layers and from the
measured energies we can retrieve a cone of response.
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* Gamma ASICs|[1] provide separate charge integrators for each SiPM.
* Coincidence logic relies on external trigger circuit.
* Multiple modules can be connected to increase the number of readout

channels.
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limation Is purely electronic.

AIDER System Requisites

Energy Resolution

3% @ 662 keV

Energy Range

50keV -1 MeV

Time Resolution

<1ns

Final planar
dimensions

10cmx10cm

2. Novel Trigger Stage

This Constan Fraction implementation allows to apply coincidence
logic to gamma rays of different energies.

Electronic delay: it
avoids using long
cables and can be
Implemented in Ics.
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3. Preliminary Prototype Characterization
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A first prototype has been realized coupling the

Benedicte Detector [2]
circuit. We used a sing
detector layer providec

with an external trigger Z
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by Damavan Imaging made

of Lanthanum BromoChloride and 16 SiPMs.
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Energy characterization shows 3.2% energy
resolution at 662 keV.
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Interested in the

AIDER Project?

Check:
https://aider.ific.uv.es/aider/
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Constant Fraction Discriminator achieved a
time resolution of 340 ps, comparable with
Leading Edge Discriminator (310 ps).
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The AIDER project aims at designing a Compton camera
optimized for monitoring Targeted Radionuclide Therapy.

Enable
Signal

Walk Rejection: The crossing
point of the delayed and of the
attenuated signal represents a
time stamp independent from
the amplitude.

Leading Edge stage suffers from time-walk: pulses of
different energies trigger at different times. Constant

Fraction Discriminator provides a nearly uniform

response across the entire energy spectrum.
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Jesign and Simulations of a Collimator for SPECTMeasurements in

a BNCT Facility
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Introduction

* Boron compounds are selectively absorbed by cancer cells.  BNCT-SPECT System Epi-thermal
T * Tissues are irradiated with an epi-thermal neutron flux. specifications: neutran flux - -
10 . In many BNCT clinical facilities, borated
¢ NeUtron Capture by B generates h|gh'|_ET Secondary e Good energ reso|uti0n at : :
Epi-thermal - - - y polyethylene is commonly used in the
utronfly  Particles, destroying cancer cells and sparing normal cells. 478 keV:

 Emitted gamma rays at 478 keV can be detected for dose walls of the irradiation room to shield

‘ minitoring and localisation. healthy Cell *High detection efficiency; thgrmal heutrons.

ol / ! » Spatial resolution . This leads to huge backgrounc_i r_adiation
OH/NB L lower than 1 cm. at 478 _keV that makes dlfflf:l_JIt to
, cl loll ‘ nth.égf " ‘ netector  detect signal from small quantities of

” 3 — & VA, / boron (usually down to 10-20 ppm).

o r&ﬁy Cell 3 kevv-ﬁjyr;oral Cell @
Proposed SPECT System

Detector Even though the system has been designed ad hoc to differentiate between the boron signal and
background radiation generated from hydrogen neutron capture and annihilation photons, challenges
have emerged under clinical measurement conditions.

FLUKA simulations conducted using the parameters of the Nagoya BNCT facility in Japan
IRRADIATION ROOM A substantial amount of borated polyethylene is presen?

In the walls of the irradiation room to capture residual
Ehermal neutrons.

Collimator

5,

The BENEdICTE module is a gamma-ray
detection module, based on a LaBr,(Ce+Sr)
scintillator crystal optically coupled with a
matrix of 8x8 Silicon Photomultipliers. The

Detector

. Channel Edge Pinhole Collimator
|

Two simulations with a clinical neutron flux

Boron  Material: LEAD y,
SiIPMs are read out by 4 custom 16- « Geometric Efficiency: 3.84 x 106 . : . : :

Source eometri ency. 5.04 Collimator The detector is wrapped in Cd foils to avoid thermal
channels GAMMAASICS and the datz * Geometric Spatial Resolution » o neutrons from reacting with 0B inside the electronics
acquisition is managed by an FPGA (Rg): 0.8 cm BSA "\ Borated Vial

4 16-ch GAMMA ASICs 2cm  30cm - 30 cm

(1g of amorphous

>

and a 20x20 cm water phantom at the beam

B and FPGA-based DAQ , . boron powder) g o . e
| = port, containing a vial with varying quantities
y  Matrix of 64 FBK @ L 5 ﬁ of 10B (Og and 1¢)
= NUV-HD SiPM som |l@ | o '
LaBr,(Ce+Sr) = 48cm 5 cm "Neutrons react with the boron present inside the room |
T = } Simulation Results: walls leading to a significant signal at 478 keV coming
Energy resolution 2.9% at 662 keV (3.6% at 478 keV) Channel-edge Source — _from all over the treatment room. y
Detection Efficiency 60% at 478 keV. Pinhole Plane 45 X007 Output of DETECT card
Positioning Algorithm (ANN) Photon :
%’ Distribution 2l NoBJ |
Detector Resolution (Rd) evaluated as the : | _ It is impossible\
v-ray [ FWHM of 2D prediction error distribution : 478 keV to  distinguish
- - 1500 . -. . To address this issue, shielding the : 2 .| between the
mm, detector with lead bulks is necessary. -, w || signal originating
o 1000 | However, considering the current distance £ from the vial and
- £ of the collimator from the detector, setto © | d \the background.
Photodetectars ° ol 30 cm, a substantial amount of lead to 05T I ‘ '
(SiPMs) cover the entire system is needed (about o Afetedtadunun

170 kg), making the system unpractical Energy [keV]
to use in a SPECT ring configuration.
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[System Resolution: ./Rg?2 + Rd? = 85 mm]

New Desigh FLUKA simulations

A new set of FLUKA simulations has been conducted with the same clinical irradiation parameters of

the Nagoya BNCT facility. Simulations with a cylindrical 5 ml vial placed in the

A new collimator aimed at addressing the encountered limitations has been designed. Our new RRADIATION ROOM center of the water phantom, and in the center of the FoV

objective is to maintain the current system performances while expanding the Field of View (FoV)

. O _ _ _ _ with increasing concentrations of boron (from 10 ppm up
and shielding the detector from background ral%litr:]on sparing material for weight and size. Detector to 100000 ppm) and a clinical neutron flux (10° n/cm?/s)

T The design was carried out through 1 x10° -
analythical formulas and validated with Collimator | i0om
FLUKA simulations BSA = o\

—10000ppm
New System Performances Borated Vial

Geometric Efficiency 147 x 10°°
Spatial Resolution 94 mm
Total Weight 97 kg
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10 cm

The new design achieves a geometric 4 Yy,
4 2 mm A efficiencyAtigmes higherthgn the old We are now able to distinguish signal from |2 0 50 520 540

\ > A _ Energy [keV]
| one it features a worse value of background for 1%B concentrations above 10 ppm Y
. . . \.
spatial resolution, but still inside the
* ~ = BNCT-SPECT requirements.
478 keV gamma-rays \ 28 |

coming from the room walls
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