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Boron imaging via SPECT
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2CGals (3D Cadmium-Zinc-Telluride spectra-imager for X and
gamma-ray applications) project
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2CGals (3D Cadmium-Zinc-Telluride spectra-imager for X and
gamma-ray applications) project

CZT single unit of detection:

20x20x5 mm?3, 4 CZT stack prototype,
planar transversal filed (PTF), 20x20x20 mmb3,
orthogonal strip electrodes + 120 read-out channels

DOI analysis for 3D sensitivity

~ Bottom face(™)

y-rays\

(*) drift stripes not
reported for clarity



2CGals (3D Cadmium-Zinc-Telluride spectra-imager for X and
gamma-ray applications) project

+ Main goals of the project:

+ Highly segmented CZT spectrometer with 3D spatial resolution capabilities
+ Energy range form few tens of keV up to 700 keV

+ High efficiency, fine spectroscopy and imaging limiting the complexity of detector design
and realisation

»  Expected performance:

+ Intrinsic geometrical space resolution of 1x5x2 mms3 improvable by reconstruction methods
down to 0.2x0.3 mm?2 in the plane directly exposed to the photon flux (Ax-Ay) and 0.6 mm in
depth (Az)

+ Detection efficiency at 478 keV: 13% for photoelectrons, 52% for Compton scattered events
+ Energy resolution: <3% at 500 keV without correction, improvable to <1% after corrections

+ Operating as scattering polarimeter above 100 keV (astrophysical applications)



2CGals (3D Cadmium-Zinc-Telluride spectra-imager for X and
gamma-ray applications) project

20 anode strips of pitch 1 mm
Cathode: 10 segments, pitch 2 mm

> Voxel size: 1x2x5 mm?3



Room temperature solid state detectors
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Room temperature solid state detectors

Material Ge Si GaAs CdTe CdZnTe Hgl,

Atomic number 32 il 31,33 48 52 48,30,52 80,53

295

ADVANTAGES
High Z = high detection efficiency even with small volumes
Wide band gap = leakage current < nA & room temperature operations

Density (g/cm3) BEsKeE, B 6.20 6.4

5.78

DISADVANTAGES
Charge carriers trapping = reduction of energy resolution & enhancement of
detector performances breakdown at high counting rate

Holes mobility
cm?/V

>1 ~1 106 e 10-5 i




Room temperature solid state detectors
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Room temperature solid state detectors
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Important contribution of Compton effect @ 478 keV
3D spacial detection: Compton Camera?!

Efficiency (%)



Why CZT detector?

Efficient yet compact due to their high
density

Wide photon energy range

Works at room temperature (no cooling
system)

Solid state: do not require fragile
photomultiplier tubes

Robust and able to withstand rapid
temperature changes

Excellent energy resolution

Easily enabled imaging capabilities
Works in a magnetic field




Characterisation of 1D CZ'T prototype

Source Peak (keV) FWHM (keV)
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Characterization of 1D CZT prototype

Source Energy (keV) FWHM (keV)  Resolution (%)
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Characterization of 1D CZT prototype

Cs 137

-3

x10

o
~

Counts/A*t

o

(o))
<
O
Z
T

o .
o1
RN

o
LN
NERN

o
W
NERN

o
N
T TT

o
—

! |
0 100 200 300 400 500 600 700

800
E [keV]

From S.Fatemi, PhD thesis



Characterization of 1D CZT prototype

Efficiency vs Energy
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Characterization of 1D CZT prototype

Source Energy (keV)  En. Resolution (%) Uncertainty

2 5z
Bal33 302.8 181 O/

356 107 2
Na22 Sl 4.3 0.4
Cs137 661.6 29 0.2
Co60 1173 50 :2
Na22 1274.5 07 0.1
Co60 15525 0.7 U2

Efﬁdency @ 478 keV : 6.087% From S.Fatemi, PhD thesis



Preliminary measurements at Pavia TRIGA reactor
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Preliminary measurements at Pavia TRIGA reactor
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Preliminary measurements at Pavia TRIGA reactor
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CZT

SPECT imaging simulations
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CZT

imaging simulations
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