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|. Introduction to TOF-PET
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e
PET &l
;—

Functional imaging technique used in nuclear e
medecine E20
Use radiotracers depending on the target (*°F- T 5 O
FDG) elr
Gamma rays detected by scintillator |
Image is reconstructed to form three-dimensional e
Image -

PETICT (PET/Scan) overlay of both images
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TOF-PET

« Taking care of the difference between At=(t,—t,)+CTR
the arrival time of the two photons on a
pair of detectors

At CTR CTR=10ps At
+ —c2=
2-—C ) ngoanjmqﬂéAL—CZ:tLSmm

State-of-the-art clinical CTR = 215 ps

Al=c

« TOF-PET — » improve SNR or reduce A””‘“"a“°
patient dose
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Il. Goal of the ClearMind project
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Goal of ClearMind project

* Collaboration between 5 labs

L . MCP-PMT
* New PET detector with improved spatio- —=H1

temporal resolution |- '

- PbWO, crystal: Cerenkov radiator (21 scintilation T
ph/event) and scintillator (200 ph/event), </ IS R
with fast constants (~2 ns) Ry (/é_ l .

— Deposit the photoelectric layer directly < h _' M
on the crystal: scintronic crystal z

- Use Micro-Channel Plate (MCP) Z.yx B

- Measure DOI
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I1l. Analytical simulation of the impact of
the thin layer on a visible photon
transmission
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Passivation layer introduction

BB =23 Oxidation of the

PbWO, csiation 4 photocathode by the lead D D i

layer > Thin layer | (n,) tungs?ate - Thin Anti-reflective coating
Y _ passivation layer needed

(n,=3.0)

Generates:

| Iridescence phenomenon

- Interference phenomenon at the

> Bt ‘ :
//' interfaces
ﬁ - Foro> e"mit an evanescent wave
is produced and allows
If Ny >ny: frustrated transmission
0,

n Near field microscopy

=arcsin (n—z)
1

imit
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Passivation layer introduction

PbWO,

(n,=2.3)
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Thin layer ;)
(n,=3.0)
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Formulas of reflection and transmission

through a thin layer

Reflection Transmission RandT
n,—n, n M. Born and E. Wolf, Principles of
Normal incidence r,-”f_-:r,-jbm:T’ ty =1 TM=—' Fresnel coefficients Optics : Eleptromagnetic Theory
n+n,; ' ong+n, of Propagation,
R=|r|? Interference and Diffraction of
roo= n,cos 6,—n, cos 6, P = 2n,cos 6, Light, ch. Basic properties of
Simple 1T n.cos §+n cos 6, U:TE" n.cos @+n  cos b, Fogt 1=t electromagnetic field. El-
interface | 0,<6 b e sevier, June 2013.
ique 1~Piime
oo ' n,cos #,—n cos &, 2n,cos 6, N,
incidence rooo= i i T (1_ )_ ; T= |t| 2
™M n,cos &+n cos G »™ n,cos @ +n;cos G M\ L=y )=, Uy Mheg
0,>0, . Total reflection
2ip i(ka—ka)d i —
i —_Tatrsse (SP15% G t12t23efﬂ =k, d R+T,#1
Normal incidence r=——""""" i t= T il 227, 27 na2a
1+r,.r,;.e 1+r,r, e 1+4r,,rse z—i—z—"zz—n—i—l
6.<0 r,+r,,.e"” sty e’ =k dcos 0
<6 r=———— = = cos
1 “limi 2igf 2ig 2 2
1+r,.r,,.e 1+r,,ry.e =necos o, 2
P
24 s n,cos &,
. _ rtr.e o t,t,.e
Thin layer Ff=—— [=———— —k.d
i 1+r .r,..e”’ 1+#r r e’ p==kdy
Oblique 12+ T23 12 23
incidence & Taking r, for simple interface et 8<8,_ replacing n,cos(8,) by iy ko_ 20T
91>9“m _nicosB—iy R 2n,cos 6, /‘Lu R"'TP: 1
rlz'E_Jrilcos o+ y TE " n cos G+ y
2gy 2__ 2
_myiy—nytcos 6 - 21, 1,05 f, y=+n,?sin g, ?—n,
Fom= n,1 y+n,2cos 6, I g iy n,2cos 6
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Comparlson of passivation Iayer <=a>: Mind

materials

« Comparison of; T o
\ = o
- Zirconium oxide, ZrOs; ol N = E%’%
- Tantalum oxide, Ta.Os ” ----------------------
- Aluminium oxide, Al,Os ; ----------------------------- S I —
— Titanium oxide, TiO;
— Silicon oxide/Quartz, SiO; = I R N N
B Wodlength (o)
* No frustrated transmission Refractive index as a function of the

with T|02 wavelength
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Transmittance

0.9 1

Comparison of passivation s

I = 0.7 1
ayer materials ¢
=
0.6 1
£
E
E 0.5 4
Transmittance as a function of incidence angle F 04l
and integrated over PWO emission spectrum
for a 100 nm-thick passivation layer L A
10 - e 02 +—
T T T T T T T
0 50 100 150 200 250
0.8 4 Passivation layer's thickness {nmj} T
06 J 0.9 4
o v Transmittance as a function of
04! = layer thickness and integrated
o 07 over PWO emission spectrum
: 5 >
sl g and incidence angles
3/ £ 06
u-cl i T T I T I E
0 20 40 B0 BO = o5 4 1203
Incidence angle () — Ti02
. ) _— — Ta203
Transmittance as a function of wavelength - —
integrated over incidence angles for ——» s — 502
a 100 nm-thick passivation layer B I T T T I S
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V. Implementation of interferences and
frustrated transmission in Geant4
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Integration of interferences and frustrated

transmission due to a thin layer in Geant4

G40pBoundaryProcess.h

void DielectricMetal();

void DielectricDielectric();
void DielectricLUT();

void DielectricLUTDAVIS();

void Die ichi
id CoatedDielectricDielectric();

DetectorConstruction.cc

Tansmittance
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Example of transmittance for a visible photon passing through a thin layer

G40pticalSurfaces OpSurfacel = new G40pticalSurface("op Crystall->Crystal2’);

G4LogicalBorderSurface+ Surfacel = new G4lLogicalBorderSurface("lo Crystall->Crystal2",physCrystall,

physCrystal2,0pSurfacel);

OpSurfacel->SetType(coating);
OpSurfacel->SetModel (unified);
OpSurfacel->SetFinishi{polished);
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What is the importance of frustrated B

transmission through a thin layer?

Transmittance through a thin layer as a function of O e et e ranatTssion "
wavelength integrated over incidence angles, with — p el With frustrated transmission _—
and without frustrated transmission o ./"”'/

* Simulation of transmittance through thin
layer with frustrated transmission for
large angles (blue curve) and with total 03
reflection only for large angles (green T
Curve) N /0 400 450 500 550 00 650 700

Wavelength {nm)

=
T
1

Transmittance
=
(¥, ]
i

 The transmittance is two times
increased thanks to frustrated
transmission
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V. Experimental studies on Photek test
cells
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Experimental studies on Photek i
test cells

Indium encapsulation

 Photek test cells: "
- SIO,, without thin layer

- PbWO4 2018 3 & Photocathode
- PbWO, 2021 Anode

Laurie Cappellugola
ppellug 18
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Measurement setup

Computer
use L Python use
Beam of 0.8 mm bark box
diameter and 3° S i et s [ e e
: | Calibrated
dlvergence — | Photodiode :
RE232
¥ ' Brum— | '
Deuterium Monochromator I T pA-ammeter
l Photodiode |
Halogene * | ™ Triax cable ® |
—1 &
| s |
B e N e A e |
High voltage
-
-200V
Aix*+Marseille Laurie Cappellugola IS
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Scintillation efficiency

Detection Efficiency (DE) of Photek PW02018 as a
function of wavelength (A)
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Emission spectrum of lead tungstate
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Conclusion and perspectives

* The theoretical description of the passivation layer
shows an impact on the transmittance of visible photons

* This theoretical model has been integrated in Geant4 to
describe an interface containing a thin layer

 Measurements are carried on at CEA-Saclay for
assessment
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