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OBJECTIVE:
Investigate potential of
new scintillators and reflectors
currently on the market
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Combine experimental measurements and simulations

coo

==

Characterization of relevant

properties of materials: ‘n‘

* Check suitability for CT Virtual model of a CT scanner:

* Implement properties in simulation .
database

Performance of new materials

« Explore new designs
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Scintillators - choice

Characterisation of fast, inorganic scintillators

| WHAT

CeLYSO Ce:LUAG Y Fast (-100ns)

v High density and Z

v" Bright (Ly > 10 ph/kev)
Ce:LUAP Ce:GAGG

v Non hygroscopic

v Radiation hard
PrLUAG CeiGGAG v" Emission in [300,900] nm



Scintillators - properties

Characterisation of fast, inorganic scintillators

¢, WHICH PROPERTIES

Reflector
Material composition

Emission spectrum
Light yield

Decay time
Afterglow




Scintillators - results

EY RESULTS

U

« Emission spectrum X-ray source + spectrometer
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Scintillators

EY RESULTS

Light yield [ph/keV]
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Light yield

U

CeLYSO

Ce:LuAP

Pr:LUAG

Ce:LuAG

Ce:GGAG

Ce:GAGG

results

Cs137 source + fast PMT

v’ Brightest

Ce:LYSO 302 phikev
Ce:GGAG 4712 phikev
Ce:GAGG 392 phikev
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Scintillators - results

EY RESULTS

« Afterglow O Pulsed X-ray source + fast PMT
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Reflectors — preliminary

Characterisation of reflective materials typically used in scintillators arrays:

N WHAT

« Samples of several different combinations of epoxy and TiO,

Bisphenol (EP) Rutile
Cycloaliphatic (CAP) Anatase
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Reflectors — preliminary

Characterisation of reflective materials typically used in scintillators arrays:

N WHAT
« Samples of several different combinations of epoxy and TiO,
Bisphenol (EP) Rutile
Cycloaliphatic (CAP) Anatase
-, WHICH PROPERTIES X-ray

el N
Reflector

Reﬂectance < NS
spectrum S i
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Reflectors - results

EY RESULTS

e Reflectance O LED lights + integrating sphere + spectrometer
SR e e e e B L R R U B DL L DL
100 = - 7
90 — EP - DWO131 (rutile)
- EP - R960 (rutile) =
80 — . EP - P71 (anatase) =
- AP - P71 (anatase) .
70 . CAP - R960 (rutile) =
o, = { CAP - R595 (rutile) ]
8 60— Anatase - literature —
% = — —~ Rutile - literature -
S 50 = ﬁ‘ . =
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0= _- SIS R CETTRTTH E v Rutile and Anatase TiO,
Cooaa b by v 1y |J‘| vl |‘lk.l_| | || L |4_»\ g m\\ L \\"T L1l ‘\ L \T \I L ‘I [ || |: E E
%50 375 400 425 450 475 500 525 550 575 600 625 650 675 700 pigments have different
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Final step:
Simulation
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Simulation - model

|¥ WHAT 'I:_.GAT[

« X-ray generator of 160 kV

« Model of an array scintillator of a generic CT scanner detection unit

Array |

Analysed O Analysed O thickness O L
scintillators reflectors from 0.5 I- f‘
to 5 mm |
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Simulation - properties

@ WHICH PROPERTIES

Luminescence efficiency

$

I N B

Impacts:
« Signal noise
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Simulation - properties

@2, WHICH PROPERTIES

Luminescence efficiency Inter-pixel crosstalk Electronics exposure to X-rays

ST TEE T
__;

Impacts:

» Signal noise * Spatial resolution * Lifetime
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Simulation - results

-
EY RESULTS o8

Scintillators (¥ Reflectors (¥ thi'?:\lr(rr?gss . i . - _k_ S_-i, .
] ]

ph mm-2/ keV mm-2 % keV / X-ray mm-2
Ce:LYSO EP + P71 1.4 mm 3.4 15% 6.3 10.3-10
(anatase) |
Rl e IR et Thickness (>) Thickness (>)
CAP (+R595, rutile) -4 % +1.6 % mm-L -0.8 % mm-!

Thickness (>) -1.5 % mm-
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Simulation - results

-
EY RESULTS o8

Scintillators (¥ Reflectors (¥ thi'?:\lr(rr?gss . i . - _k_ S_-i, .
] ]

ph mm-2/ keV mm-2 % keV / X-ray mm-2
Ce:LYSO (EP +t P7§ 1.4 mm 3.4 +5% 6.3 10.3-102
anatase
RIS (ER = [Rea) - b Thickness (>) Thickness (>)
CAP (+R595, rutile) -4 % +1.6 % mm: 0.8 % mm-
Thickness (>) -1.5 % mm-
EP + R960 il al al
Ce:GAGG (rutile) 20mm 4 750 6.0 £10% @ 1.5 ey - 7102
rutiie
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Simulation - results

-
EY RESULTS o8

Scintillators (¥ Reflectors (¥ thi'?:\lr(rr?gss . i . - _k_ S_-i, .
] ]

ph mm-2/ keV mm-2 % keV / X-ray mm-2
Ce:LYSO EP + P71 1.4 mm 3.4 15% 6.3 10.3-102
(anatase)
RIS (ER = [Rea) - b Thickness (>) Thickness (>)
CAP (+R595, rutile) -4 % +1.6 % mm-! -0.8 % mmL
Thickness (>) -1.5 % mm-
EP + R960 il . i ;
Ce:GAGG (rutile) 20mm 760 6.0 £10% +19% 7.5 oo 9-7-10
al lsl lal
EP + R960 . 102
Ce:GGAG o) 20mm 7.3 :10% c10% 7.5 gy 9710
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Conclusions &
Future plans
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Conclusions

5, CONCLUSIONS

v Characterised scintillating and reflective materials for X-ray CT

= New on the market
* Ready to be implemented in mass-produced products

v Developed virtual model of an X-ray CT scanner
= Experimentally compiled database

v Evaluated performance of analysed materials in X-ray CT
= Ce:GAGG and Ce:GGAG most promising scintillators

= P71 (anatase) and R960 (rutile) among reflectors
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Future plans

O= FUTURE PLANS

Photon-counting CT with scintillators and SiIPM:

IS It possible?

Standard CT Photon-counting CT
Detect X-ray in a fixed time-window Detect every single X-ray and exploit
and integrate the generated signals the energy information

n.tuccori@sussex.ac.uk 25



mailto:n.tuccori@sussex.ac.uk

Back-up slides

R""‘?i?ﬁ?,'s' US HilgerCrystals

UNIVERSITY
OF SUSSEX




Scintillators: results

onlaor S Eew oL R o o e g,
CellYSO  30:2 10 + 1 (jﬁmij) 425 425 low
Ce:LuUAP 6.2 +05 12 + 1 (73?5-3 :Ofi!;im (7f551ﬂ;_;i@ (;;‘_35:0_‘82;} 365 370 strong
Pr:LUAG 9.6 +04 11 +1 (27_%0:0.15 % (1 3_35:0.15%} (612_7:1:5_28%} 310 310 strong
CeluAG 8607 149105 nre “ (5‘8?85?;_;;} 545 520 strong
Cg;iﬁﬁG 47 + 2 6.6 +05 (;27 1:*1: i} (?27:1 19,50 } 570 560 low
Ce:GAGG  39:3  Tdwos , PHL - BEEe . sES 570 555 low
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Simulations - LYSO
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Simulations — Pr:LuAG
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Simulations — Ce:LuAP
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Simulations — Ce:GAGG
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Simulations — Ce:GGAG
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Short course: photon-counting CT

Advantages of PC (done with semiconductors) compared to El (done with scintillators)

No electronic noise

K-edge imaging (e.g. iodine, k-edge @ 33 keV)

Lower noise
Potential decrease of dose (up to 40%)
Better CNR

weight
EID
Energy bin weighting /
« Lower dose/noise o
e S Spectral PCD
onergy

(Just for semiconductors):

Smaller pixels and no reflective gaps
>> higher spatial resolution
(drawback = bad spectral fidelity)

Element
O (61%)
C (23 %)
H (10%)

K-edge
<1 keV
<1 keV
<1 keV
<1 keV
4.0 keV
2.1 keV

33.2 keV

|
" oa | sozey
A | ey
B ssiev

Energy Integrating vs. Photon Counting
with 1 bin from 20 to 140 keV

lodine Effocp

100 keV

Energy Integrating

PC minus EIl Photon Counting

CNR =2.95
40% CNR improvement or M
49% dose reduction achievable §
due to improved Swank factor £
and more weight on low energies™
1o  (iodine contrast benefits). 2




Short course: photon-counting CT

Challenges of PC (done with semiconductors)

1.0E+05
. X-rays

« High count-rate performance _ L —
E 106404 LI ) I
£ 0® = oo .

. . 2 tof i. i

 Spectral fidelity : i) oy |l | | > g

»n  1.0E+03 29 TTTTTITTTY (e o <
o g 016 et e e

% (2) %.115) .(25)0 o5 Readouh3e VI ReadoulAgC vV ‘ g
= o(7) (1920~ (26) >

» Cross-talk 5 013).[“'?;3 w3 ® @)
O 1.0E+02 (s) ‘14.)12 ) ® (34) Semiconductor [ ||
E °
£ oy ®©8 (38) ® (41)

. . ‘% ® (27) @ (36) 1 i

Charge sharing & e e o oo 10/Pixel Area (mm)
® (45) ® (29]
» High-cost of manufacturing 10£+00
0 200 400 600 800 1000 1200 1400

Equivalent pixel size (um)

« Calibration and image reconstruction

Detector material: types of photon interaction
« Large amounts of data

Compton scatter reabsorption

Rayleigh reabsorption Photoelectric Compton in neighboring pixel
in same pixel absorption with scatter escape
Charge sharing ~ K-fluorescence
escape

* T* * *
* * | *

Image courtesy of Martin Sjslin
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IEEE 2021: photon-counting CT

Possible advantages of PC-CT with scintillators:

» Indirect conversion detectors applied widely in CT scanners, well known technology
« High Z and density

« Cheaper manufacturing cost

« Fast developments in the SiPm technology
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IEEE 2021: photon-counting CT

Challenges of PC-CT with scintillators:

Lower photon to electron conversion

Slow decay times >> low count rate

EXPERIMENTAL —
1 mm? YGAG + MPPC

y =249 x 10°x

40 4~ LYSO =050 LUAP 5, =0.50 ——LYS0 (y_=075)
—o— LYSO 5 =0.75 LUAP 1 =0.75 LUAP (5 =0.75)
e Ic 500 c
& 35— v - LYSO . =1.00 LUAP 7 =1.00| o~ — e C2T (FWHM=20 ns)
< E
> E
B 30 F 400
o At I - o
“@ 2518 n W mem=m=——=== G =3
c B 300
G 20
5 o -
= | 3 mm CdTe + ChromAIX E
2 15 g 200
= &
310 ©
g G mm CZT + ChromAIX2 3 100
w 5 I " o D: ‘k\
o . . o —— 9
200 400 800 800 1000 200 400 600 800 1000

Pixel size (um) Pixel size (pm)

Pixel size = SiPm + scintillator

I PR P PR
0 0.1 02 03 0.4 0.5
Tube current (mA) = Intensity

MODEL - SiPm with SPAD pitch of 30 um, rate could
improve with smaller size (e.g. 15 um) [1]

Suffer light dispersion >> cross-talk

Poor reproducibility of charge packet sizes (i.e. energy resolution)

Dead space due to reflective gaps

Not possible small pixels size >> low spatial resolution
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[1] Silicon photomultiplier-based scintillation detectors for photon-counting CT: A feasibility study - Sar - 2021 - Medical Physics - Wiley Online Library
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