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Pooled performances Value
Sensitivity 0.80
Specificity 0.89
Accuracy 0.84
Positive LR 6.73
Negative LR 0.25
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A. Einstein
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Ces radioéléments pourront recevoir des applications médicales
et peut-étre d’autres applications pratiques.

Introduits dans I'organisme, ces corps doivent se comporter tres
différemment des radioéléments ordinaires en raison de leurs
propriétés chimiques différentes et de leur destruction sans
résidu.

Certains des radioéléments nouveaux sont émetteurs de rayons .
Ceux qui émettent des positons produisent avec une grande
intensité dans la matiére voisine le rayonnement d’annihilation
de 511 KeV et, par conséquent, ils constitueront des sources de
rayons y homogeénes et pourront étre utilisés a ce titre.

Enfin, on doit prévoir un développement considérable de
I'emploi de ces noyaux radioactifs, en tant qu’indicateurs pour
étudier le comportement de leurs isotopes inactifs dans certaines
réactions chimiques ou dans les phénomenes biologiques.

F. Joliot, Londres 1934
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Choix d’un radionucléide

Isotope ti, Emoy Portée lg Y Prod.
[min] [KeV] [mm]
1cC 20 390 1,1 100% — Cycl.
13N 10 490 1,5 100% — Cycl.
150 2 730 2,5 100% — Cycl.
18F 110 250 0,6 97% — Cycl.
68Ga 68 850 2,9 90% 1080 KeV (3%) Gén.
82Rb 1,25 1550 5,9 96% 780 KeV (15%) Gén.
124) 4] 700 - 1000 3-4 23% 600 KeV (63%) Cycl.
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coincidence counting, now
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Figure 1. Photograph of PETT III.
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Fig. 5. a) Picture of the positron camera system.
b) Schematic diagram of the 72 x-tal system electronics.
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Figure 1. Schematic of Donner 280-Crystal Positron Tomograph. Crystals are mounted behind adjustable
lead shielding and are individually coupled to phototubes via quartz 1ightpipes.
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SPECT : collimation mécanique
Compromis résolution / sensibilité
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Collimation

TEP : collimation électronique
Détection en coincidence
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Détecteur

Détection indirecte

Transducteur

VIRV \

Photo-détecteur

Détection directe

Semi-conducteur
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Détecteur

Nal(TI)

Photodiode

Scintillator
Array

Avalanche
Detectors

Fig 4. Scintillation detectors have evolved from single scintillator-single photomultiplier couples to multiplex systems.
Contemporary ring PET systems use the block design of B but without the photodiode array. The potential for the future is

replacement of the photomultiplier tubes by slsctronic devices such as the avalanche detector.
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m Scintillateur

~107%F ey
Conduction
band
)
Band gap

¥ A overlap
'Bands" are Valence conduction
composed of band
closely spaced
arbitals !

a Interatomic distance

valence
band

increasing energy

metal semiconductor insulator
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m Scintillateur

Primary photoelectron
e —

Energy

Condlction band

B e Recombination
at dopant site
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=
Photoelectron i) P
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ionization SIS |
v  Scintillation
e
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Gamma ray
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ray \ Secondary x ray
Dopant luminescent sites

Atomic-like orbitals
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m Scintillateur

YﬁW\/\/\WW >

Pouvoir d’arrét : densité p, Z. Couche de demi-atténuation (CDA) mm.

Absorption Efficieng_y of LYSO

100%

R
N SRR
9% \ \ \\\ \ \\\
. \\ \ N —
N | 114 s0m
» \ RVAYA N
s OIS -
§ 60% \ ~]
o MRV i
2 \
: AV .
8 am \\ ™ SeE
& \ i A \\" b1 15m
0% \\
1 NG — L+ 10m
20%
% mm \\ N Smm
10% 5 [~
N N Y —
0% -
10 100 - 1,000 10,000
Energy (keV)

INSTN Saclay — DES MN 2019 UV3 — Instrumentation TEP




Technique de détection wbefemprele - U'\

e Techniques Nucléaires

m Scintillateur

N a
Y WING
ﬁi}:} ;:2‘=5
e l A
A )

Pouvoir d’arrét : densité p, Z. Couche de demi-atténuation.
Photo-fraction : PE / Compton.
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m Scintillateur

> ﬁ
~#=‘)
Y \\\\
B VRPN

Pouvoir d’arrét : densité p, Z. Couche de demi-atténuation.
Photo-fraction : PE / Compton.
Spectre d’émission : transparence, couplage photoK.

100 1 100
F BGO LSO Nal(T1) 1

a.u.)

em: 402 nm ex: 358 nm

D
(=]

Fem: 480 nm ex: 304 nm em: 410 nm| ex: 346 nm

Intensity (
Transmittance (%)

N
o (=]
T

200 400 600 400 600 250 500 750

Wavelength (nm)
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m Scintillateur

Pouvoir d’arrét : densité p, Z. Couche de demi-atténuation.
Photo-fraction : PE / Compton.

Spectre d’émission : transparence, couplage photoK.
Rendement lumineux : photons / KeV.

AE/E
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photodetector
av
&

m Scintillateur _1 VS
Y © Time(ns)
— P — ol
e | ciom 150
200 o 200 200
Time (ns)
Pouvoir d’arrét : densité p, Z. Couche de demi-atténuation.
Photo-fraction : PE / Compton. i
Spectre d’émission : transparence, couplage photoK. scintillator
Rendement lumineux : photons / KeV. i
AE/E Jo
Pulse : rise / decay. | Ecintilator decay time

Vthreshold

A ————
|
|

t time

photodetector rise
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m Scintillateur

| A TLu osup
L 195 keV
998 keV
99.6% B
E,...596 keW\ 0.4%Y | 401kev
A 597 keV

94.0%7 | 307 keV
Y

Pouvoir d’arrét : densité p, Z. Couche de demi-atténuation. o
Photo-fraction : PE / Compton. v Ty 4 e
Spectre d’émission : transparence, couplage photoK. T
Rendement lumineux : photons / KeV. e e h
AE / E 5 Spectrum of SPE 6 Spectrum of TICE without TOF
Pulse : rise / decay.
Rayonnement intrinséque : L(Y)SO (75Lu 3%) *

1 f

%02 Oj4energgj‘(5MeV)0f8 1 12 % o2 Ot4ener ggf((sMev)ofs T
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m Scintillateur

Pouvoir d’arrét : densité p, Z. Couche de demi-atténuation. ' ' '
Photo-fraction : PE / Compton. "-._i
Spectre d’émission : transparence, couplage photoK. h'*. s 220
Rendement lumineux : photons / KeV. M < oo
AE/E § i | Nal(TI)
Pulse : rise / decay. 5 N L
Rayonnement intrinséque : L(Y)SO (17°Lu 3%) - _
Dépendance T°C m L

g (l) P 6 1510 200

Temperature (°C)
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m Scintillateur

Pouvoir d’arrét : densité p, Z. Couche de demi-atténuation.
Photo-fraction : PE / Compton.

Spectre d’émission : transparence, couplage photoK.
Rendement lumineux : photons / KeV.

AE/E

Pulse : rise / decay.

Rayonnement intrinséque : L(Y)SO (}®Lu 3%)

Dépendance T°C

Hygroscopicité

Prix, disponibilité
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m Scintillateur

Properties of Scintillators with Application in Nuclear Medicine

Atten. Luminosity Decay
p Length Photoelectric Hygros- (photons/ Const. Emission AE/E  Refractive Clinical
Scintillator (g/fem®) (mm) Fraction (%) copicity keV) (ns)  Peak (nm) (% FWHM) Index Application
[ Nal: Tl 367 29.1 17 Yes 41 230 410 5.6 1.85 SPECT |
CSI: Na 451 229 21 Yes 40 630 420 7.4 XII
CSI: Tl 451 229 21 Little 66 >800 420 6.6 PET, SPECT, CT
CSF 464 20 23 High 2 3 390 1.48  TOF-PET
Bal- 4.89  20.5 17 Little 2 (.7 220 10 1.54  TOF-PET
LLBGO (BiyGe1017) 7.13 10.1 40 No 9 300 480 9 2.15 _PET
LSO (Lup5i05:Ce) 7.4 11.4 32 No 26 40 420 7.9 1.82 TOF-PET
LuysY02Si0s:Ce 7.1 115 No 26 41 420 7-9 1.81  TOE-PET
LuYSiOs: Ce 6 16.7 21 No 26 420 7-9 TOF-PET
LuAP (LuAlO5:Ce) 8.3 10.5 30 No 12 18 365 ~15 194 TOF-PET
LPS (LusSirOz:Ce) 6.2 14.1 29 No 30 30 380 ~10 1.74  TOF-PET
|_GSO (Gd»5i05:Ce) 6.7 14.1 25 No 8 60 440 7.8 1.85 PET |
YAP (YalO3) 5.5 21.3 42 No 21 30 350 4.3 1.95 PET
LaCl;:Ce 3.86 278 14 Yes 46 25 (65%) 353 3.3 1.9 SPECT
| LaBry:Ce 53 213 13 Yes 61 35(90%) 358 2.9 1.9  SPECT |
CeBrj 5.2 215 14 Yes 68 17 370 34 TOF-PET
LXe (liquid xenon)  3.06 304 21 _— 11 27 (30%) 165 22/16 DOI-PET
Ideal (PET) =6 <12 =30 No =8 <300 300-500 <10
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m Photo-détecteur : PMT

photocathode

o dynode anode
scintillator
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m Photo-détecteur : PMT
photocathode

dynode anode

scintillator

Matal Channel Dynode Multianode Photomultiplier Tubes
PHOTOCATHODE Type Matrix Linear Matrix
W4 M16 MG L16 Laz2 Mg
FOCUSING MESH
= [
= [
= 0
=
METAL CHANNEL Aot Shags = L
DYNODES —|
—
==
|
MULTIANODE - I l I rT Number of Anodes 4 16 64 16 32 64
Foal Size 9x8 4x4 2x2 0.8 18 0Bx7 5658
{mm)
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m Photo-détecteur : PMT
photocathode

dynode anode

scintillator

Gain : N ~ 10°.
Rapidité : < 1 ns.
Rise time

(10-90%) >
= 830ps

Amplitude (mV)
£ 4 b & i b b ia s
T T T T T T T T

Decay time (exp) = 1.25ns il
Decay tlme(10 90%) = 2.55ns |

TN R ) ) T T ST i |

Ead s i
-4~3—2-1012345678910

Time (ns)
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m Photo-détecteur : PMT
photocathode

dynode anode

scintillator

LaBr;Csl:Na BGO Csl:Tl R376 PMT

Gain : N ~ 10°. # o ava
Rapidité : < 1 ns.

Efficacité quantique : QE ~ 15-25%.

n
(=)

=y
(=]

(4]

Quantum Efficiency (%),
or Scintillation Intensity (arb. unit)
&

o

0 100 200 300 400 500 600 700 800 900 1000
Wavelength (nm)
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m Photo-détecteur : PMT

photocathode
dynode anode

scintillator

Ne

Gain : N ~ 10°.

Rapidité : < 1 ns.

Efficacité quantique : QE ~ 15-25%.
Bruit faible (Stat. Poisson)
T°Cindépendant

Encombrement

Incompatibilité IRM

* * INSTN Saclay — DES MN 2019 UV3 — Instrumentation TEP




institut Mational des Sciences
e Techniques Nucléaires

Technique de détection mstn @

m Photo-détecteur : photodiode
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space
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neutral region region neutral region
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c electrons
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m Photo-détecteur : photodiode

space
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holes

electrons

p-doped n-doped

[log scale]

carrier concentration

>

X

. . Wide depletion region
Narrow depletion region

Holes O — @Free electrons Holes «—— @ @ - Free slectrons
P-type (—jﬁ MN-type
P-type ,_lﬁ N-type ! }
v ¥ T e 9 D99 |DDD, @
a o Vel o Q9 Q. i uo
| i @ o | LA LR L L ®
5 ) ° 1 )
o 9 ' ol @ o o 9 909 ddd, 99
1o|®! ! :
O o o e o o 00 eeelvsn @ e
o %
Neqative i I
Negative ion Positive ion Bgative lon Positive ion
- |+
+ I— _ 1]
Battery Battery
Forward bias Reverse bias

INSTN Saclay — DES MN 2019 UV3 — Instrumentation TEP




Technique de détection

rnstn
Institut National des Sciences
e Techniques Nucléaires

m Photo-détecteur : photodiode
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m Photo-détecteur : photodiode

APD

Compact

QE ~ 70%
Compatible IRM

100 T RLE T T T T T T
90 =~
80 #458 Quantum T

Yield ~—

BGO Quantum
" Yield (Arbitrary Scale)

Quantum Yield (%)
3
I
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| H - 10nA
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m Photo-détecteur : photodiode

APD o Vz im Reve;;e Voltage, i{;vm N )
Compact i C — | 10nA
QE ~ 70% ] Reverse _| ' 100nA
Compatible IRM Broarao i RE;S{;n 10
Réponse 5 ns Regon | | 00
Gain < 1000, T°C dépendant / i 100uA
Bruit oc surface / i 1mA

Rewverse Current, (-Ir )

| Proportional mode |
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m Photo-détecteur : photodiode
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m Photo-détecteur : photodiode

SPAD / SiPM
Compact T —
QE ~ 70% C s GM-APD
Compatible IRM -+
Réponse <1 ns
Gain ~ 10°
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m Bloc détecteur

Pl =

1\\

%}

(Sa+Sp) — (Se + Sp)

X
(Sa+ Sg+Sc+Sp)

_ (Sa+ Se)— (S + Sp)
(Sqa+Sg+Sc+5Sp)

12x12 LSO

' I 't , 1,5%1,5 mm?
. I | i ginnzes /’ 5x1,5

8x8 BGO 6x6 mm? 13x13 LSO 4x4 mm?
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m Bloc détecteur

B ) 1 e
i
s ]
i
q
1
v _ Py+P,—P—P3 P +P,—P3-P,
(Sa+Sp) — (Se + Sp) Codage Anger: X = P,+P,+P;+P, ~  P,;+P,+P3+P,

X

(Sa+ Sg+Sc+Sp)

(Sa+ Se)— (S + Sp)
(Sqa+Sg+Sc+5Sp)

L.
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m Bloc détecteur

* %

it

P,+P,—P,—P3 Y = P;+P,—-P3-P,
P;+P,+P3+P, P;+P,+P3+P,

Codage Anger: X =
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SPECT

L] eofge Vé ~ 0’01 %
Sensibilité Collimateur : angle d’acceptance
géomeétrie

2.0 T T T T T T T
F LEHR
[ o Collimateur -8

1.5 O Collimateur + Gauss 4 mm (RI) A .

Résolution spatiale Collimateur 1o} et :

0.5 :—,EI' ’}‘ -

-

0.0 I T T T I T
0 5 10 15 20 25 30 35 40

Distance from Face of Collimator (cm)

Résolution énergie Rendement lumineux
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TEP

Sensibilité Point source au centre du FOV Es=E;xE ~1%

Efficacité géométrique Eg Géométrie : angle solide (FOV axial, diamétre)
Packing fraction
2D / 3D (max ring difference)

Dead area

/
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TEP

Sensibilité Point source au centre du FOV

Efficacite geométrique E,

Efficacité intrinseque E;

Eg=EyxE; ~1%

Géométrie : angle solide (FOV axial, diamétre)
Packing fraction

2D / 3D (max ring difference)

Probabilité d’interaction : p, Z, longueur
Fenétre coincidence, fenétre énergie
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TEP

Sensibilité Point source au centre du FOV Es=E;xE ~1%

Efficacité géométrique Eg Géométrie : angle solide (FOV axial, diamétre)
Packing fraction
2D / 3D (max ring difference)

Efficacité intrinseque E; Probabilité d’interaction : p, Z, longueur
Fenétre coincidence, fenétre énergie

0.08 .
i
i
0.07 # Total trues
O Hist trues, MRD = 79 40
0.06 o b ® Hist trues, MRD = 46
g/ \o, 4 Hist trues, MRD = 25
o/ o X Hist trues, MRD = 13 5
* *
> 0.05 5/ e e
B ® 000 cnmpu® 00\ *
2 0.04 U "“ * £ =
a Ly U g °
! =
& 8/ ] ol
0.03 . L. 14
_ .EVXAAAAA_-AAAAAA\E. I -20
Edge of FOV N \ Edge of FOV
0.02 o/ Be
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glxxxxxxxx’--‘x"xxxxxx\ -40 L]
0.01 2 z -80 60
! i i E,’ \i i ! ! Edge of scanner Axial (mm) Edge of scanner
o Lanh floge

100 -80 -60 40 20 0 20 40 60 80 100
Axial position (mm)
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TEP

Sensibilité Point source au centre du FOV Es=E;xE ~1%

Efficacité géométrique Eg Géométrie : angle solide (FOV axial, diamétre)
Packing fraction
2D / 3D (max ring difference)

Efficacité intrinseque E; Probabilité d’interaction : p, Z, longueur
Fenétre coincidence, fenétre énergie

bed overlaps )
' | i : scanner o
|||||||||||||||||||||]|||||||||||||||||||||||]|||u||| @ i" bed PN ([ a bed 5
~ H H H : position L%} poSsitio o=
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= - E —-— L — - ! o; =
= s & i e
S = H .
~ < .z' ”\-—-——.\J : = =
> » oz 18 =
= {70 ) Q2
= 2 L8
= ; i
= 3 \ '/\ i “
s e —— y >
7 1 1 i ! & i
(T z-slice T Z-glice
N N i k )i
o - A i ) B CBM multi-slice FOV of IR
non-overlapped z-slices uniform sensitivity
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TEP
Résolution spatiale FWHM = 1.25+/(d/2)2 + b2 + (0.0022D)2 + 72 + p?
Portée du positon r Factor Shape FWHM

Acolinéarité 0,0022 D

Photon Noncollinearity

0.5 mm (18F)
4.5 mm (82Rb)

Positron Range

180 +0.25 1.3 mm (head)
4—@/' —/\ 1.8 mm (heart)
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Performances

TEP

Résolution spatiale FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 72 + p2

Factor Shape FWHM

180 +£0.25 :gg> _>

Photon Noncollinearity

Portée du positon r
Acolinéarité 0,0022 D

1.3 mm (head)
1.8 mm (heart)

Taille du détecteur d

_ 0.5 mm (18F)
Erreur de codage b ~ d /3 %‘ 4.5 mm (B2Rb)

Positron Range

d/2

0 (individual coupling)
- 2.2 mm (Anger logic)*
Anger Logic *empirically determined
from published data

INSTN Saclay — DES MN 2019 UV3 — Instrumentation TEP




Performances

rnstn
Institut National des Sciences
e Techniques Nucléaires

TEP

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe
¥

VTt B

D=«

FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 2 + 2

==
( & —

AQ
Positron | ——— Tangential
Source Projection

\\

A\ Radial
\ J\ Projection
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Performances

Institut National des Sciences
e Techniques Nucléaires

TEP

Résolution spatiale FWHM = 1.25+/(d/2)2 + b2 + (0.0022D)2 + 72 + p?

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe
r

VTt B

D=«

Echantillonnage / reconstruction (1.25)
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Performances rnstn

Institut Matsonal des Sciences % '-
e Techniques Nucléaires

TEP

Résolution spatiale FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 2 + 2

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe

r Table 1. Mean 3-D Positron range (mm)
p=« By OT 15T 3T 95T
V12 + R?

"F 056 056 054 043

"C 105 1.03 096 0.67

Echantillonnage / reconstruction (1.25) PO 244 231 200 141
%Ga 262 247 212 150

“Rb 521 477 390 288
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Performances rnstn guy

e Techniques Nucléaires

TEP

Résolution spatiale FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 2 + 2

Portée du positon r 5 5
I'=,/(d/2)° + 12+ (0.0044R)* (mm fwhm
Acolinéarité 0,0022 D \/( A a )
18 0,7 mm (pré-clinique)
. , F 1,8 mm (clinique)
Taille du détecteur d ’ g

Erreur de codage b ~ d /3

Erreur de parallaxe
r

=
R~

Echantillonnage / reconstruction (1.25)
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Performances

rNnstn
Institut National des Sciences
e Techniques Nucléaires

TEP

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe
r

=
R~

FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 2 + 2

r— \/ (d/2)? + 12+ (0.0044R)? (mm fwhm)

18F 0,7 mm (pré-clinique)
1,8 mm (clinique)

d=3mm FWHM = 24 mm
d=2mm FWHM=21mm

A Coating 0,1 mm

Echantillonnage / reconstruction (1.25)

INSTN Saclay — DES MN 2019 UV3 — Instrumentation TEP



Performances

TEP

Résolution spatiale FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 72 + p2
Portée du positon r anog Many-to-many coupr

7 «, 7 Light v Positio‘ning immam S
Acolinéarité 0,0022 D PMTPET e o O "one T
Taille du détecteur d T O o
Erreur de codage b ~ d /3 e FETSTECCEEE

Crystals

Erreur de parallaxe
r

=
R~

Echantillonnage / reconstruction (1.25)
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Performances rnstn g

e Techniques Nucléaires

TEP
Résolution spatiale FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 2 + 2
Portée du positon r sl gl
Acolinéarité 0,0022 D 1 Pon |
Hig"wz —oumer E% St H— DpCtile
Taille du détecteur d OPC PET S B
Erreur de codage b ~ d/3 il Brito-one-couplig

Erreur de parallaxe
r

pP=a L
Vr? + R? petectar

Echantillonnage / reconstruction (1.25)

Tile
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rnstn

Performances ofmeprelie
TEP
Résolution spatiale FWHM = 1.25+/(d/2)2 + b2 + (0.0022D)2 + 72 + p?

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe
¥

« f 2 2
¥ + R SD PET (4x4x4 mm3) HD (2x2x2 mm3) UHD (1x1x1 mm?3)

D=«

Echantillonnage / reconstruction (1.25)
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)
Performances Imstn @iy @

e Techniques Nucléaires

Escape Escape
TE P (detected within energy window) (detected within energy window)

Intra-crystal scattering
? No Compton scattering No escape

Résolution spatiale | // |

Portée du positon r |SamEmmasmmmumm
Acolinéarité 0,0022 D EEERRRARRREEEE

Taille du détecteur d Non-ICS events ICS events
Erreur de codage b ~ d /3

Erreur de parallaxe
r

=
P e

Electron Ejected by Either the

Range of Photoelectron in Nal Photoelectric Effect, the Compton Effect

Approximately 500 pum

- 'm.r"

/."

Incoming Gamma Ray .
AN NN
)

/ Excited States &
Electron-lon Pairs

Echantillonnage / reconstruction (1.25)

Photons of Light from the Excited and
onized Atoms and Molecules

Electron Before Interaction
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Performances

rstn § %}
Institut National des Sciences j
e Techniques Nucléaires

TEP

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d

Erreur de codage b ~ d /3

Erreur de parallaxe
r

=
R~

Echantillonnage / reconstruction (1.25)

Escape Escape
(detected within energy window) (detected within energy window)

Intra-crystal scattering
? No Compton scattering No escape

| o

Non-ICS events ICS events

PE ICS
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Performances fr3sinn @

e Techniques Nucléaires

TEP

Résolution spatiale FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 2 + 2

Portée du positon r

Acolinéarité 0,0022 D BGO
Taille du détecteur d
Erreur de codage b ~ d/3 LSO
Erreur de parallaxe
p = X d - Nal(TI)
V12 + R?
CZT

Echantillonnage / reconstruction (1.25)

03 0.3

All events PE events C events M events
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Performances mstn

e Techniques Nucléaires

dN
aE full-energy peak

mul e
I E P scattered
events
M
.

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

BGO

Taille du détecteur d

LSO

Erreur de codage b ~ d /3

Erreur de parallaxe
r

=
R~

Nal(TI)

Echantillonnage / reconstruction (1.25) czT

03 0.3

All events PE events C events M events
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rnstn
Performances T
TEP
Résolution spatiale FWHM = 1.25+/(d/2)2 + b2 + (0.0022D)2 + 72 + p?

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d

Erreur de codage b ~ d /3

Erreur de parallaxe
r

= @&
R~

Echantillonnage / reconstruction (1.25)

0.3

-0.3
-0.3 0.3

All events PE events C events M events

INSTN Saclay — DES MN 2019 UV3 — Instrumentation TEP

20%

~3mm

60%

~1lcm

95%

~4 cm



Performances

§ &
instn §)%
Institut National des Sciences \‘ﬁ
e Techniques Nucléaires

B

TEP

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe

r

V12 + R?

D=«

Echantillonnage

FWHM = 1.25v/(d/2)2 + b2 + (0.0022D)2 + 72 4+ p?

Depth of

Wl =
' g,

Y

If the DOI positionis unknown If the DOI position is known
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Performances ekl - U\

e Techniques Nucléaires

TEP

Résolution spatiale FWHM = 1.25y/(d/2)2 + b2 + (0.0022D)2 + 72 + p2

Portée du positon r
Acolinéarité 0,0022 D

ey

Taille du détecteur d
Erreur de codage b ~ d/3

Photodetector(s)
tor(s)

Erreur de parallaxe
r

=
P e

Echantillonnage
Multiple crystal-photodetector layers
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Performances mstn

e Techniques Nucléaires

TEP

Résolution spatiale FWHM = 1.25+/(d/2)2 + b2 + (0.0022D)2 + 72 + p?

Portée du positon r

Array of 64
Acolinéarité 0,0022 D L Protadoces
Amplifier IC /
Taille du détecteur d ¢ oo

Erreur de codage b ~ d/3 @)\

Photomultiplier Tube
(1" square)

Erreur de parallaxe
Array of 64

r Photodiodes

p — & (3 mm square)

V12 + R?

64 LSO Crystals
(3x3x30 mm)

Echantillonnage

Custom Amplifier IC

Single crystal layer
+ dual ended photodetectors
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Performances giﬁﬁw S:fx @

TEP

Résolution spatiale FWHM = 1.25+/(d/2)2 + b2 + (0.0022D)2 + 72 + p?

Portée du positon r

Acolinéarité 0,0022 D | VA N
896 F LuYAP8O (squares) / L
768 LuYAP70 (triangles) \
]
Taille du détecteur d o / ] \
® —~
Erreur de codage b ~ d/3 IR N\
256 | By \ ]
.
128 F \efé-
Erreur de pa ra”axe Omns 15(;ns 20(I)ns 25(.)ns 30(.)ns 35(I)ns 40355
r

=
R~

Echantillonnage Photoswich design

Pulse shape discrimination
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Performances

instn §%

Institut National des Sciences \ )
e Techniques Nucléaires et

TEP

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe

r

=
R~

Echantillonnage

FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 2 + 2

Monolithic cristal
Statistical positionning
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Performances

rNnstn
Institut National des Sciences
e Techniques Nucléaires

TEP

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe

r

=
R~

Echantillonnage

Monolithic cristal
Statistical positionning
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Performances frastn @

e Techniques Nucléaires

TEP
Résolution spatiale
<.Z§>
] 4
Portée du positon r , DOI e LYSO
Acolinéarité 0,0022 D *
PMT

Taille du détecteur d
Erreur de codage b ~ d /3

N/I=3.8 [J =mwcrimss |
Erreur de parallaxe ”

r 40
p=o ..,
T.Q _|_ R2 !! s ,I‘.V..l.o

[72]

7 8 9 10 11 12 E

100 3

(@]

N/|—2 ) I bottom impact :80 (@)
Echantillonnage leo Monolithic cristal
I I. 2 Statistical positionning

SIPM row
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- Jéq.i:'rﬂ’?%}
Performances frasin *i}f_ﬁ}@

F TF
e Techniques Nucléaires L

TEP

Résolution spatiale FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 2 + 2

Portée du positon r
Acolinéarité 0,0022 D

-

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe
r

VTt B

D=«

Echantillonnage Dual layer crystals

Offset positions
Mixed shapes
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Performances

TEP

Résolution spatiale

= P
rnstn

= L

Institut Matonal des Sciences G

e Techniques Nucléaires L

FWHM = 1.251/(d/2)2 + b2 + (0.0022D)2 + 2 + 2

Portée du positon e e
Acolinéarité 0,0022 D — —] X
— ] pspwr | Y
— ——]| rrevociz| —Hv
Taille du détecteur d —— N
D . .
Erreur de codage b ~ d/3 DualLaver o g oliage Dvicer |

Erreur de parallaxe

1200
! | | I ]\/J\/\/\f\/\/\ﬂf\
p — a .L : 800 cnnw *4 0
) 9 G A s 200 SRR 0 100 200 300 400 500
f]" —|— 00 eeuH Lma
200 . 00 L8 W = = C Intensity profile of proximal image A
400 ! =
400
200 e 200 /\/\/\NW\A#\
500 0 500 0

Echantillonnage

100 200 300 400 500

0
100 200 300 400 500 0

A Proximal layer side iradistion image B Distal layer side imadiation image D Intensity profile of distalimage B

Dual layer crystals - Offset positions
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rnstn

Performances T

TEP
Résolution spatiale FWHM = 1.25+/(d/2)2 + b2 + (0.0022D)2 + 72 + p?
Portée du positon r Mo Z 1 S

e ~ ; / i
Acolinéarité 0,0022 D | | > | } / e - 2

. , ' / / / [ /‘
Taille du détecteur d * L) k
Erreur de codage b ~ d /3 -
Top layer: TRI, Bottom layer: RECT Top layer: RECT, Bottom Iayer' TRI

Erreur de parallaxe

r

P =« (
VIt R?

°86§“?

Dual layer crystals - Mixed shapes

Echantillonnage
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Performances

= LLE
nstn @

Institut National des Sciences
e Techniques Nucléaires

TEP

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe
¥

VTt B

D=«

Echantillonnage

B

crystal
grease

L

| )
common

electrode PEAPD

F‘
mm -
[I[I[I[I[I[I[I[I 8x3 LSO 1x1x3 mm3
LI
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Performances rmstn

Institut National des Sciences
e Techniques Nucléaires

TEP '
*
éo.o
Résolution spatiale E
Portée du positon r R e we e
Acolinéarité 0,0022 D (@) (b)
Taille du détecteur d
Erreur de codage b ~ d/3
EOA
Erreur de parallaxe
W P ) : ,
p _— a ¢ . % 1ggsition185i?1 00 20
Vr? + R?

Echantillonnage ﬂﬂﬂﬂﬂﬂﬂﬂ
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Performances

O\

TEP

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe

.
p=a

VTt B

Echantillonnage

ASIC board

C2T crystal

HEEN
L]

[

..........

cathode

v' ar
(€a)
:F.b‘r‘,ﬂ
L€ anode

..
wwgp ————
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L
—




Performances mstn

e Techniques Nucléaires

TEP R — -
Z ‘ e i ?«n-.::;: rm;ﬁ::krww 30%)
.. . g /
- \ - ésoo
V4 [ [ -
Résolution spatiale ’ @ -
Anode side Cathode side °: |
Portée du positon r ° Aocanemna
ACO I i n e a rite O ) O O 2 2 D Effective Atomic Linear Attenuation Light output
Scintillator Density (g.-"tml') \'umbe‘r @ COEffI;‘iEllt (cm) Decay Time (ns) (light photons/AIeV
: Annihilation Photon)
. 7 Nal 3.67 50.8 0.35 230 41.000
Taille du détecteur d -
B1,(GeO,); 7.06 752 0.96 300 7.000
Erreur de codage b ~ d /3 (360 ' ' ' "
LM(?;?;)))D:CG 7.40 66.4 0.86 40 26,000
Gdy(S10,)0:C
Erreur de para”axe (ésé)) ¢ 6.71 594 0.70 60 10,000
/i Cd"(—?szz"_l*f)lTe 5.61 48 0.50 N/A

=
R~

Pouvoir d’arrét : 86% a 4cm (LSO 82% a 2 cm)

Echantillonnage AE/E ~ 2-3% (100000 e / LSO 2500 ¢
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Institut National des Sciences
e Techniques Nucléaires

Performances st @)

TEP A 511 keV ™ Cathode
‘ hoan ohotons
N v S Y
v é e 0 \\V" — L‘x
——l P
Résolution spatiale . . & K
Anode side Cathode side - 7
Portée du positon r L™ 4x4x0.5 cm®
. 7 . 7 Am
Acolinéarité 0,0022 D
(Sc/sa) (Ta-Tc)
E:thode (signal: Sc, time: 7 m
. , -HV 09t 20+
Taille du détecteur d e i .
Erreur de codage b ~d/3 " i i
Anode (signal: Sa, time: Ta) ”; é 5:
Erreur de pa ra”axe Eleclrgn-.holes pgirs created °; y .= . . . . . ;7 o
/r‘ drift in electric field. o 05 1 ‘smf“po:;ion(:nm)zs & s s 05 1 ‘sBea:'npo::ion(::nm)” & a5 5

=
R~

Pouvoir d’arrét : 86% a 4cm (LSO 82% a 2 cm)
AE/E ~ 2-3% (100000 e / LSO 2500 ¢)
Résolution spatiale 1 mm (3D)

Echantillonnage
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Performances mstn !

e Techniques Nucléaires

1800 V —— CZT-2-0 (Au/CZT/Au) ]
----CZT-2-S (Au/CZT/In) N

TEP —1K _
Ve |
I

Résolution spatiale /\ v - A o
I

z P Y\QQ'\\\“\\\zoov 1
Portée du positon r Al_{ el OWAAN N S

Acolinéarité 0,0022 D 0 5o =

Current (nA)

=ee

Time (ns)

f = Coincidence time window for different % 10—
‘; - energy acceptance thresholds 3 I Coincidence Time for
g 50— ] [ two CdTe Detectors
H 4 = C I Bias: -1000Vimm
allle du detecteur HIS 8 Temperature: 4C
o 40— 90% of colncldences [ Threshold: 25keV
-g C o | Acceptance Energy: >500keV
E rre u r d e Cod age b ~ d / 3 8 E 70% of colncldences A FWHM = (6.0:0.5)ns
§ 30— FWHM C
s C L . 90%, (9.0+0.5) ns
8 20f- . -
. - . 70%, (8.020.5) s
E d I 0" " . - i
rreur de parallaxe E .o L -
- -
/r oL e e 1 1 I ERTE RRTEEN RN R | - I
100 200 300 400 500 100 B0 80 40 20 0 20 40 60 80
Acceptance threshold (keV) Atins)

p=«

V12 + R?
Pouvoir d’arrét : 86% a 4cm (LSO 82% a 2 cm)
AE/E ~ 2-3% (100000 e / LSO 2500 e’)
Résolution spatiale 1 mm (3D)

Résolution temporelle ~ 5-10 ns

Echantillonnage
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Performances

TEP

Résolution spatiale

Portée du positon r
Acolinéarité 0,0022 D

Taille du détecteur d
Erreur de codage b ~ d /3

Erreur de parallaxe
¥

VTt B

D=«

Echantillonnage

..~ 40mm x40 mm x5 mm
g cadmium zinc telluride
(CZT) photon detectors

<1 mm spatial res.

Adjustable fielq_?f view
(FOV), maximum size of
100 mm x 100 mm x 80 mm
(16 detector ring layers)

rnstn
Institut National des Sciences
e Techniques Nucléaires

Annihilation photons
enter the detectors

‘edge-on’ traversing
at least 4 cm of CZT

RENA-3
ASIC

Dual CZ
detector
module PCB

8cmx8cmx8cm
(16 detector ring layers)

Pouvoir d’arrét : 86% a 4cm (LSO 82% a 2 cm)
AE/E ~ 2-3% (100000 e / LSO 2500 ¢)

Résolution spatiale 1 mm (3D)

Résolution temporelle ~ 5-10 ns
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Performances '”51”

el TEth'Il.ll.E"S Hucléaires

TEP

Résolution en énergie

- . Rendement lumineux so00d - - N~5000
> Scintillation Non-linéarité (ph-e/MeV) i BGO#SXI mm -
> Transfert P I‘ Vo
>PMT / -

Uo : ph-e .im; W\w
N: photons 1. \

f1elvls)
p : transfert "

n-tm}émm mm

M : gain PMT m‘ 1 T 1ox10 T 20000 -
Qo = NpM "

(%)FWHM = 2.351/9(Q). z:ﬁoo

(@)% o) &] o + LR, Niﬁ o0 e
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Pe rfo rmances In&’mut National des Sciences v @

e Techniques Nucléaires

TEP

Résolution temporelle

N
Flux p-e: e (ns?)
Td
E énergie (MeV)
Ny, =ELF 1 Lluminosité (ph / MeV)
F efficacité de collection (%) S
RS BE, énergie d’ionisation (eV) - - ctator
L = 106,8T + S efficacité de transfert (%) Gap foniing spilation _ R
g R efficacité de radiation (%) Rediatin o waate
— o

Nye = QNpp, Q efficacité quantique photo-K (%)
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Performances '”St” |

el T-:v:h'u.u.es‘-.lucl aires

TEP

Rise\\l
Résolution temporelle
Npe

Deca
/ Y

Flux p-e:

Td

—
time

Nal(Tl) LSO LaBr;:Ce  BakF,

Luminosity (photons MeV~!) 42000 35000 70000 1800

Rise time 7, (ns) 0.6 0.03 0.2% 0.0
Decay time 7,4 (ns) 230 40 17¢ 0.8
Photoelectrons Npeb 3000 2500 5000 130
Npe/T4a 13.0 62.5 294 162
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Performances mstn

e Techniques Nucléaires

TEP M Nal : w ~ 80 ps

LSO : w ~ 15 ps

Résolution temporelle

photons

Nal(Tl) LSO LaBr;:Ce  BakF,

Flux p-e:

Luminosity (photons MeV~") 42000 35000 70000 1800

Rise time 7, (ns) 0.6 0.03 0.2 0.0
Decay time 7,4 (ns) 230 40 17 0.8
Photoelectrons N, 3000 2500 5000 130
Npe/Ta 13.0 62.5 294 162
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Performances mstn

e Techniques Nucléaires

Nal : w ~ 80 ps

TEP |
.............. tp~nw
LSO : w ~ 15 ps
At ~nw

Résolution temporelle

photons

Npe

FI -e:
ux p o

Nal(Tl) LSO LaBr;:Ce  BakF,

Luminosity (photons MeV~") 42000 35000 70000 1800

Rise time 7, (ns) 0.6 0.03 0.2 0.0
Decay time 7,4 (ns) 230 40 17 0.8
Photoelectrons N, 3000 2500 5000 130
Npe/Ta 13.0 62.5 294 162
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Pe rfo r m a n CeS Institut National des Sciences '@3\1—3
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Table 2 Comparison of system characteristics across manufacturer PET/CT systems

Manufacture GE GE Philips Philips Philips Siemens Siemens Toshiba

PET/CT model Discovery Ml Discovery Vereos Ingenuity Gemini Biograph Biograph mCT Celesteion
(4-ring) [51] 690 [43] (this work) TF [44] [ [42] mCT flow [45]  [46, 47] [48-50]

Photo detector SiPM PRT SiPM PMT PMT PMT PMT PMT

Number of detectors 9792 256 23,040 420 560 768 768 430

Scintillator LYSO LYSO LYSO LYSO LYSO LSO LSO LYSO

Number of crystals 19,584 13,824 23,040 28336 28,336 32,448 32448 30,720

Crystal size (mm?) 395x53x25 42x63x25 386x386x19 4x4x22 Ax4x 22 4x4x%x20 4% 4% 20 4x4x12

Ring diameter (cm) 744 81.0 764 90.0 90.3 84.2 84.2 88.0

Axial FOV (cm) 200 157 164 180 18.0 221 221 196

Plane spacing (mm) n/a n/a 1,2, 0r4 2ord 2ord 2 2 2

TOF Timing resolution (ps) 375 544 322 502 585 555 527 410

Sensitivity (cps/kBg) 13.7 74 5.7 73 6.6 9.6 9.7 40

Iransverse resolution @ 4.1 47 40 4.3 4.8 43 4.4 5.1

1 cm (mm)

Transverse resolution @ 50 5.1 44 5.1 5.2 49 49 5.1

10 cm {mm)

Axial resolution @ 1 cm (mm) 45 47 40 47 48 43 44 50

Axial resolution @ 10 cm (mm) 6.0 56 48 52 4.8 59 5.7 54

Peak NECR (kcps @ kBg/mL) 1934 @ 219 1391 @290 171 @ 505 1241 @ 203 125 @174 185 @ 29 156 @ 31.1 251 @ n/a

Energy resolution (%) 94 124 11.2 11.1 11.5 n/a| 115 113

(Sc?tter fraction at peak NECR 406 37 308 367 AT 334 327 427

%%
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Table 2 Routine QC tests for PET and PET/CT. Equipment type: coincidence, scintillator system (fixed and mobile systems)

Test Purpose Frequency Comments

PET1. Physical inspection To check gantry covers in tunnel  Daily Inspect for mechanical and other defects that
and patient handling system may compromise safety of patient or staff

PET2. Daily QC To test and visualize proper Daily To be performed with point or rod sources
functioning of detector modules; without attenuating object inside scanner
visual inspection of 2-D sino- field of view
grams (automated)

PET3. Uniformity To estimate axial uniformity After maintenance/new To be also performed after software upgrade
across image planes 1-[max] by setups/normalization or changes; the object could be a 20-cm
imaging a uniformly filled diameter **Ge cylinder, or a refillable
object cylinder with '*F

PET4. Normalization To determine system response to  Variable Frequency of test depends on system
activity inside the field of view (at least six-monthly) reliability and service; must be performed

after firmware upgrade and hardware
service; use phantoms and instructions as
recommended by manufacturer

PETS. Calibration To determine calibration factor Variable Must follow a new normalization; follow the
from image voxel intensity to (at least six-monthly) manufacturer’s procedures
true activity concentration

PET®6. Spatial resolution To measure spatial resolution of Yearly Use a '®F point source (nonstandard) or
point source in sinogram and linear source
image space

PET7. Count rate To measure count rate as a After new setups/ To include count loss correction; and

performance function of (decaying) activity normalization/ specific measurements of’ (a) total/random/
over a wide range of activities recalibrations scatter/net true coincidences, and (b) noise
equivalent count rate
II PETS. Sensitivity To measure the volume response | Monthly Perform according to NEMA NU2 standards
of the system to a source of with a set of sleeved rod sources [11]; an
given activity concentration alternative method is given in NEMA-NU2
1994
PET9. Image quality To check hot and cold spot image  Yearly According to NEMA NU2 image quality

quality of standardized image
quality phantom

test [11]; required after system installation,
not mandatory during clinical operation
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: I Scatter fraction
I i 20 19% 19% N/A
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Reconstruction itérative

Many emission tomography papers discuss "image reconstruction algorithms" as if the
algorithm is the estimator

This is partially true if you use stopping rules, since then the specific characteristics of the
iterations determine the image properties perhaps more than the objective function does,
since the user rarely iterates to convergence.

With penalized objective functions, the estimator (as specified by the objective) determines the image
properties, and the algorithm is merely a nuisance that is necessary for finding the
maximizer of that objective.

As others have argued before me, the choice of the objective and the algorithm ideally should be kept
separate, i.e., the objective should be chosen based on statistical principles, and then the
algorithm should be chosen based on how fast it maximizes the chosen objective.

All too frequently these two distinct issues have been blurred together.
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R = Ruorm X Rppr X Rgeen X Rgeom
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p = Rf + scat + rand
f tq Rf=p-—scat—rand
R = Ryporm X Rpur X Rgpen X Rgeom

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Diffusé

> Tall-flttlng (a) Acquired-sinogram (b) Scatter estimated (c) Scatter-corrected

Ry
ANt A

> Fenétrage %

V4 ° A N i
> (Dé-)convolution —
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Diffusé ["*0]-H,0 [150]-0, [150]-CO
HDE DEC HDE DEC HDE DEC

> Tail-fitting
> Fenétrage
> (Dé-)convolution
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e Techniques Nucléaires

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Diffuse Iasp=1s+1p
with
> Tail-fitting Ia =ff(§)df . exp (— j;su.(E.def) - exp (—f:u(E’,f)di)
> Fenétrage x 200 DD ea(E) - en(E)
> (Dé-)convolution @ Y . .
s Smulation - 1 eo(- [ ne04) en(- [ k)
Analytique (SSS) o [T et -ete
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e Techniques Nucléaires

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Diffusé STEP 1
l Iteration
> Tail'fitting Emission Single scatter

> Fenétrage
> (Dé-)convolution

simulation
(SSS) Scatter Cor(ec_ted
1 sinogram emission Final image
> Simulation -
Analytique (5SS) m A .

Transmission

ACF Mask \
/ \ Uncorected emission
Scale e
— / factor -
\\

STEP 2 Masked sinograms STEP 3
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Diffusé

> Tail-fitting
> Fenétrage
> (Dé-)convolution

> Simulation
Analytique (SSS)
Monte-Carlo
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Diffusé R
geom / attn / scat q

> Tail-fitting
> Fenétrage
> (Dé-)convolution

> Simulation
Analytique (SSS)
Monte-Carlo
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Diffusé
Scatter correction options

> Tail-fitting E back

. B project

> Fenétrage - . T original

> (Dé-)convolution = I 7 €] CEtmers

> Simulation . -

Analytique (SSS) patient original update
Monte-Carlo [A] subtract measured or Figjections (xtati)
modelled scatter from projections
OR
[B] add measured or modelled et
scatter as constant distribution in prCIRc a0
projector only i O 'Y
, OR _ [B].[C].[D]
[C] include modelled scatter in
projector and back projector current
estimate

[D] include modelled scatter in estimated
projector only (dual matrix) projections ML-EM reconstruction
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Diffusé

> Tail-fitting
> Fenétrage
> (Dé-)convolution

> Simulation
Analytique (SSS)
Monte-Carlo

30

Average net trues

Scatter correction options

20 A

projection bin

= back
-~ project
S| — = original
- [C] estimate
- (Al
BatenS original update
~-ojections (x ratio)
project
h
——- scatter_iter1 —__ [B]l[C]l[D]
-+ scalter_iter2 T
=il current
o / - stimated estimate
- ccattor.terd ’ 'ojections ML-EM reconstruction
0 50 liilU ]:;U ZLIlU Z_I‘vU
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation
Rattn ~ 15% X 15% ~ 2%

d=20cm : Cupn~7
d=30cm : Cg¢n~ 20
d=40cm : Cg¢pn ~ 50
d=50cm : Cgupn ~ 150
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

PGl -i) = e Ja pdxg=Jp pdx

P2 -i)=e" Ja mdxg=[p pdx
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

P31 -10) = e Ja Hdxg=Jg ndx — o= [ ogpdx

(G2 -i)=e fy pdxg=fg mdx — o= foprdx

Caren(i) =€ Juor 1 dx
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Corrections et e e

e Techniques Nucléaires

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)
Atténuation

Cattn(i) = efLOR"dx

>Chang Cge (D)~ et

Chang AC CT-based AC
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e Techniques Nucléaires

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

Caten (D) = e Jior # 4%

> Chang

— . blank(i
> Scan transmission  C ., (i) = ©

trans(i)
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Atténuation

Caten (D) = e Jior # 4%

> Chang

> Scan transmission
(58Ge, 137Cs)

-

blank =

blank(i)
trans(i)

Cattn(i) —

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Rotating positron
emitting source

/ PET detectors

Line-of-response
passing through
source

PET
detectors
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

A H US. P arc eet
Atténuation atent  March 16, 1976  Sheet 6 of 8 3,944,833

) — e JLor B A%
Cattn(l) = €-LOR SCINTILLATOR
CRYSTAL

PHOTOMULTIPLIER

> Chang
> Scan transmission
> CT-AC
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Emission ginograms.
, . — 30 f///ﬁ/ ‘p=oy
Atténuation transmission | seamer "smn
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. o | / — | 8=9
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e Techniques Nucléaires

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)
Atténuation

Caren (i) = e Jior # 4

> Chang
> Scan transmission
> CT-AC

Hs511Kev

Hcom X P HUpg X P=Z

3
E w/p fem?/g]
0.4
TABLE 1. Mass attenuation coefficients (linear attenuation coefficient/density) in cm?/g. Data are from Hubbell (Ref. 9). i —— air
. - [ —k— tel
80 keV 500 keV Ratio of totals 0 f water
. —— muscle
Material Photoelec. Compton Total Photoelec. Compton Total 80 keV:500 keV o2 b
- ’ —&— bone
Alr 0.006 0.161 0.167 <0.001 0.087 0.087 1.92 [
l Water 0.006 0.178 0.184 <0.001 0.097 0.097 1.90 l o1 k
Musele 0.006 0.176 0.182 <0.001 0.096 0.096 1.90 S F
l Bone 0.034 0.175 0.209 <0.001 0.093 0.093 2.26 l
0 MR NP | | PR |
0 100 200 300 400 500

Energy [keV]
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation
Cattn(i) =e Jor 1 dx
511, lung U511, bone
> Chang Original 3C 4C 5C
> Scan transmission .
> CT-AC
494
Segmentation ”
518
1024

U511, soft Ms11, fat
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

Caren (D) = e Jior 1

> Chang

> Scan transmission

> CT-AC
Segmentation
Conversion

mu

— 140 KeV
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0.16 -
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0.1 -
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0

ZS
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P
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation
Caten (i) = € ror#dx 0.20
i hybrid — ———bilinear
0.15 +
> Chang _ [ .
> Scan transmission § v S
> CT-AC =
Segmentation B
Conversion 0.05 T
Hybride I
0.00 Ao v v v v e b b
-1000  -500 0 500 1000 1500

CT number [Hounsfield units]
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

attn(l) = efLOR"dx

> Chang
> Scan transmission
> CT-AC
Segmentation
Conversion
Hybride
Dual energy

u(x,y,23E) = a,(x,y,2) £, (E) +a,(x,y,2) £.(E)

Il= fSl(E) exp[-A.PfP(E)-ACfC(E)] dE

Izﬂ ISZ(E) exp[—A?fP(E) -—Ach(E)] dE

u(x,y,z;E )= a, (x,y,2) f (E )+a (x,y,2) £ (ed)

f
o Ms511
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

Caten (D) = e Jior # 4%

> Chang
> Scan transmission
> CT-AC
Segmentation
Conversion
Hybride
Dual energy

A=278HU A=700HU

— e

140 kvp difference
standard bilinear DE-hybrid
PET TX method method

Attenuation
images

Differences from PET
transmission (TX)
image
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

AC NAC x-ray CT

Atténuation

Cattn(i) = efLOR"dx

> Chang
> Scan transmission
> CT-AC
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e Techniques Nucléaires

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)
Atténuation

Caren (i) = e Jior # 4

> Chang
> Scan transmission
> CT-AC
Mouvement respiratoire
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e Techniques Nucléaires

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

(:)
Atténuation )
Coren (i) = e JLor#dx
attn = ]
123412312341234’:mdﬂme
(b)
> Chang
> Scan transmission |
> CT-AC
Mouvement respiratoire |
123I4H1 2I3|4 12 3'4 Time
(c)

32 1234 3 43 2 3 2 1 2 3 43212'me
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

DIBH PET DIBH PET DIBH PET DIBH CT
e D b .

Atténuation

Amplitude

Cattn(i) = efLOR"dx

> Chang
> Scan transmission 3
> CT-AC

Mouvement respiratoire
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— scat — rand)

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p

>

(3]
Atténuation :?i Respiratory-gated PET __Breathhold CT
&
Carin (D) = € Jror#
> Chan sm NN\ ARRARAARAIS “\\\\“ S
g . ESR I IR 2 Hhhi it 22 2 AaAnnneas
> Scan transmission ~\ =
> CT-AC

Mouvement respiratoire

INSTN Saclay — DES MN 2019 UV3 — Instrumentation TEP




Corrections

rnstnN
Institut National des Sciences
e Techniques Nucléaires

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

Cattn(i) = efLOR"dx

> Chang

> Scan transmission

> CT-AC
Mouvement respiratoire
Décalage - données manquantes

-§-

Y 5

Truncated
er

Max SUV changed from 3.4 to 12.7 with extended field of view CT
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)
Atténuation

Cattn(i) = efLOR"dx

> Chang
> Scan transmission
> CT-AC
Mouvement respiratoire

Décalage - données manquantes
Durcissement de faisceau
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e Techniques Nucléaires

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

Cattn(i) = efLOR"dx

> Chang

> Scan transmission

> CT-AC
Mouvement respiratoire
Décalage - données manquantes
Durcissement de faisceau
Matériel dense
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

Interpolation

| y

Normalized Sinogram Interpol. & Norm.

Caren (D) = e Jior 1

Normalization Denormalization

Inputl L =
[ || || i 2

> Cha ng Original Sinogram Metal Sinogram Sinogram of Prior Corrected Sinogram

> Scan transmission

> CT-AC
Mouvement respiratoire
Décalage - données manquantes
Durcissement de faisceau
Matériel dense

#

Prior Image

Metal Image Corrected Image

Uncorrected Image

Thresholding Compute Prior
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Y

3!

g

f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

Coherent Scattering
Incoherent Scattering

Caren (i) = e ror# ¥

—

=]
i
(|

Water

— Rayleigh Photoelectric Absorption
Pair Production In Nuclear Field
Compton 108k = Pair Production In Electron Fiel

Total Attenuation

Photoelectric

:;‘ Total 102
> Chang g _
£ 0.1 r\]@ 10l
> Scan transmission : 5
> CT-AC E 0.01 -g
Mouvement respiratoire 5 2
= 2
Décalage - données manquantes 001 | b
Durcissement de faisceau o
Matériel dense i | | |
10 100 1000 107 10 0% o°

Energy (MeV)
Energy (keV)
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Atténuation

Cartn (i) = e Jior 1

> Chang

> Scan transmission

> CT-AC
Mouvement respiratoire
Décalage - données manquantes
Durcissement de faisceau
Matériel dense

28% Cr, 66% Co, 6% Mo
— Us11
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

v

Modélisation de PSF G (i) = /}\

Kernels for all radial locations

300+

25071
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radial bin, s
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()]
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100
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0.05
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF Copr (i) = J\ R

Kernels for all radial locations

300+

25071

> 200r

radial bin, s
-
()]
o

0.15

0.1

0.05
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF Cour(i:) = j\

Kernels for all radial locations

0.5

0.45

radial bin, s

0.15

0.05
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF OSEM
A
OSEM +
Gauss 3mm
OSEM + PSF
OSEM OSEM + PSF
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF

100 200 300 400 500 600 700 800 900
Kernel 12 Kernel 14 Kernel 16 Kernel 18

i 2

Kernel 12 Kernel 14 Kernel 16 Kernel 18

o[ o)} oY o)

Kernel 12 Kernel 14 Kernel 16 Kernel 18

13mm, No PSF

Kernel 3 Kernel 5 Kernel 7

Kernel 3 Kernel § Kernel 7 Kernel 9

lﬂ.ﬂ

22mm, No PSF

37mm, No PSF

o

Kernel Kernel § Kernel 7 Kernel 8
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF

22mm No PSF _ Kernel 3 Ker 5 Kernel 7 Kernel 9 True PSF Kernel 12 Kernel 14 Kernel 16 Kernel 18

Kernel 3 Kernel § Kemel 7 Kernel 9 Kernel 12 Kernel 14 Kernel 16 Kernel 18

oJofolofolo]oyol

Kernel 3 Kernel § Kernel 7 Kernel 8 Kernel 14 Kernel 16 Kernel 18
| h

22mm, No PSF

37mm, No PSF
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF

W 25 kBg/mL

IO

¥ 50 kBag/mL

Region with risk of
misinterpretation

PSF
Narrow postfilter

PSF
True SUV L _____L . ____ Wide postfilter
(RC=1) ]
Without PSF

Narrow postfilter

|
|
|
|
|
|
: » Lesion size
o O O
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF

Alternative : correction PVE
Déconvolution

3D-OSEM

Deconvolved images by Richardson-Lucy algorithm

Iterations: 3 5 10 20
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

6

Modélisation de PSF

Alternative : correction PVE
Déconvolution
Partition (segmentation anatomique) Original PET Melkzar

S Subtract WM-PET Divide by
@ Registration . s g g O
—_—
Miiller-Gartner
PET

GM-PET

Muller-Gartner

Spill-in

Ay — Awy (WM = PSF)

AGMcorr - GM % PSF
@ Spill-out

PVC-PET

| WM estimate

.
P

Meltzer

A
A =
€T Brain * PSF

Threshold
—

Smooth GM Mask
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Modélisation de PSF

Alternative : correction PVE
Déconvolution
Partition
Multi-résolution
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Normalisation
Géométrie - profil radial

Radial Profiles
1.2

— 0951
= 062

m— A dvance

-45 35 25 15 5 5 15 25 35 45
LOR incidence angle (degrees)
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Normalisation

Géométrie - profil radial
Profil de bloc

PMT A PMT B APD 1 APD 2 APD 3
/ NN
1 X X
] APD 4
; APD 6
R A
APD 7 <
1-APDS
I R
\ I N
PMT C PMTD APD 8 APD 9
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Normalisation
Géométrie - profil radial
Profil de bloc
Efficacité intrinseque
Synchronisation
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Normalisation
Géométrie - profil radial
Profil de bloc
Efficacité intrinseque Crorm(a,b) = €4y Gap bap tap Map
Synchronisation
Alignement structurel
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Effet temps mort

Temps d’intégration
Empilement

Centroid of
energy deposition

Electronique

T— ULD

K -| Integrator |— /_’—-_—— LLD

Incident
photon

Scintillation
MNonparalyzable detector Detector output Integrator output

Tﬁ-
e
W_H:P_‘ Centroid ot

energy deposition

-— ULD
-| Integrator |— - LLD

detector Detector output Integrator output

Paralyzable

] g 1 | 2incident
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Scintillation

LA

W processed [ unprocessed
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Effet temps mort

Measured event rate (10°)

Temps d’intégration
Empilement

Electronique m

oL 1=500ns
Non-P

06
06
04

0.2F

L L 1 1 L
o 0a 1 14 2 25 3

Actual event rate (106)

Fractional dead-time

m
6(7’)1) = z

Idéalement

o(m, f)
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Effet temps mort

Measured event rate (10°)

Temps d’intégration
Empilement

Electronique
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Actual event rate (106)
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f t.q. Rgeom f =0 Cnorm X Cblur X Cattn X (p — scat — rand)

Effet temps mort
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. paralysable
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Temps de vol (ToF)

Gate generator

o ©® 0O
R — Ax R + Ax
t. = t, = Pu]ses overlap so
1 c 2 c —»! le— coincidence recorded
~ (i | Logic unit T
v = i LETY] 1 0' .
2 Ax > |_ o == @ S sorter
At =2 e
Cc coincidence

time window T

o ® O

Gate generator
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4—h: + L
Ax : L

- »'
+ gl

INSTN Saclay — DES MN 2019 UV3 — Instrumentation TEP




Institut National des Sciences
e Techniques Nucléaires

Evolutions récentes st Rz

Temps de vol (ToF)

Pulse from
Gate generator
= ®0
R — Ax R + Ax
t. = t, = Pulses overlap so
1~ c 2~ c —»l le— coincidence recorded
i Logic unit
: ——I : L LAY g 4 TO
2 Ax c At ,l_ .y @ U sorter
At = — Ax = — " e
I 2 coincidence
time window ©
¢ o, Tn o
O, = T Gate generator

scintillator scintillator

photodetector I

I photodetector
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Temps de vol (ToF)

t_R—Ax t_R+Ax

1= c 2= c
2 Ax c At
At = — Ax = —
c 2
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x 2

~300 ps TOF resolution ~15 ps TOF resolution
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Temps de vol (ToF)
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25 L] L] L]
Temps de vol (ToF) . - -
=20cm
20T =27cm ]
£ =35cm
R — Ax R + Ax S5 T v i - ]
tl = tz = > i
c c '§ \ 1
2 10 1-f§--4------ e Tt :
= !
5 i
2 Ax c At (/)] 5 T--3ame------ :. ___________ -
At = — Ax = — i
c 2 he
0 . . t
0 500 1,000 1,500 2,000
C Ot Timing resolution (ps)
O, = —2
Table 1 Time resolution, spatial uncertainty and estimated TOF gain

for a 40-cm effective diameter patient

D . . . .
Time resolution (ns) Ax (cm) TOF NEC gain  TOF SNR gain
NECR;or = — B NECR : . .
o

X 0.1 1.5 26.7 59

0.3 45 8.9 3.0

D 0.6 9.0 4.4 |

12 18.0 22 1.5

SNRTOF - SNR 2.7 40.0 1.0 1.0

X
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Temps de vol (ToF)

Table 2 Comparison of system characteristics across manufacturer PET/CT systems

Manufacture GE GE Philips Philips Philips Siemens Siemens

PET/CT model Discovery Ml Discovery Vereos Ingenuity Gemini Biograph Biograph m(Cl1
(4-1ing) [51] 690 [43] {this work) TF [44] I [42] mCT flow [45]  [46, 47]

Photo detector SiPM PMT SiPM PMT PMI PMT PMI

Number of detectors 9792 256 23040 420 560 768 768

Scintillator LYSO LYSO LYSO LYSO LYSO LSO LSO

Number of crystals 19584 13,824 23,040 28336 28,336 32448 32448

Crystal size (mm?) 395%53x25 42X63x%x25 386%386X19 4x4x22 dx4x22 4x4x20 4x4x 20

Ring diameter (cm) 744 81.0 764 90.0 903 84.2 84.2

Axial FOV (cm) 200 15.7 164 180 18.0 221 221

Plane spacing (mm) n/a n/a 1,2, 0r4 2or4 2ord 2 2

TOF Timing resolution (ps) 375 544 322 502 585 555 527

Sensitivity (cps/kBg) 137 74 57 73 6.6 96 9.7

Transverse resolution @ 4.1 47 40 48 48 43 4.4

1 cm (mm)

Transverse resolution @ 50 5.1 44 5.1 52 49 49

10 cm (mm)

Axial resolution @ 1 cm (mm) 4.5 47 40 47 48 43 44

Axial resolution @ 10 cm (mm) 6.0 56 48 52 48 59 57

Peak NECR (kcps @ kBg/mlL) 1934 @ 219 1391 @ 290 (171 @ 505 1241 @ 203 125@174 185 @ 29 156 @ 31.1

Energy resolution (%6) 94 124 11.2 1.1 11.5 n/al 115

(Sc?tter fraction at peak NECR 406 37 308 367 27 334 327

%
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Temps de vol (ToF)

o o o » Synchronisation temporelle

TOF 600 ps TOF 300 ps > Modélisation du kernel ToF

» Correction de diffusé (ToF-SSS)
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Temps de vol (ToF)

4, 7 o
V8, . . "R
3 . SR ~ .
. ey B o
S e ¥
. A “ @
'
No TOF TOF 600 ps TOF 300 ps
\ i\.‘, ‘_’v‘n‘] . ; ~‘6 . N
*:;";Lf PV .“.‘.(:1';‘( LA o A
RO T A Pl ‘T‘l’w’l“;-c:'.' LAY Y
St Pt  The AEHAR 3% 3 Ea%),
p < i‘i. - ‘c',,“\’x,‘,_\\ - PR
-{"':‘,: _‘:‘1.;‘:} S £ ,‘g(. ’. -3 ‘
ﬁ‘f ’(w-,.\,{‘_'._'\\{ \_;}' t.\). B ’ '
;‘n};‘ t\ L g Ty
e L ‘.‘L, " <

Inshitut Natuon

e Techniques Nucléaires

Non-TOF
1 min/bed
position

Non-TOF
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Temps de vol (ToF)

No TOF TOF

Inshtut Natonal des Sciences

et Technigues Mucléaines

Non-TOF
1 min/bed
position

Non-TOF
3 min/bed
position

TOF
1 min/bed
position

TOF
3 min/bed
position
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Temps de vol (ToF)
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SNR gain
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Temps de vol (ToF)

Shifted AC map

Incorrect
normalization

No scatter
correction
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Non TOF
-

Temps de vol (ToF)
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Temps de vol (ToF)

Applications potentielles

> Basse statistique
90Y PET/CT Bremsstrahlung SPECT
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Temps de vol (ToF)

Applications potentielles

> Basse statistique
> Tomographie intérieure / a angle limité

X-ray Detectors

X-ray Tubes

Detector PET
modules

Markers f

/

Detector PET }
modules

Mechanical
PET support
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Temps de vol (ToF)

Applications potentielles

> Basse statistique
> Tomographie intérieure / a angle limité
> Hadron-thérapie

Amount of positrons
06 from different elements

Human body .
contains Oxygen, Carbon,

Hydrogen, Nitrogen, Calcium,
and Phosphorus

| || =

Activity, MBq

| ]
protons 12C 9 11C 160 9 150 /

~..--~ |

Fig. 10 Open ring design of in-beam PET

20 30 40 50
Time, min
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Temps de vol (ToF)

Applications potentielles

> Basse statistique

> Tomographie intérieure / a angle limité
> Hadron-thérapie

> Séparation émission / transmission

B Transmission data
I Emission data
sl Estimated transmission data

111 ]Estimated emission data

Fig. 7 TOF-based extraction of transmission data on a particular LOR for a threshold radius
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TEP-IRM

Motivations

> Dosimétrie

> Contraste tissus mous

> Corrections (mvt, PVE)

> Imagerie multi-paramétrique
> Métabolisme / fonction
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TEP-IRM

Magnet shielding coil
Primary magnet coil i

Gradient coil

PET detector N
RF body coil % /

B MR
W PET
O AirVacuum

Magnet cryostat

Shielding of
PMT based PET

detectors

Gradient coils
PET scanner
Body RF coil
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Contraintes
Table 1. Interference effects of MRI on PET performance.
MRI Effect on PET Solutions Consequences Ph°“;m‘::°"e'
Bo Changes path of electrons Replace PMTs by APDs, Higher cost Scintillator array
SiPMs
in readout More channels
Reduced timing (APD)
B Heating, vibration Redesign of electronics Additional complexity
(no conductive components)
Temperature control
RF Interference with RF shielding around PET Increased eddy currents and
electronics heating
Main magnet

Table 2. Interference effects of PET on MRI.

Gradient coils
Body RF coil

PET component Effect on MRI Solutions Consequences
Local receive coil
Scintillators By non-uniformities Use of MRI compatible
PET scintillators
Gamma shielding Eddy currents lead to Alternative gamma Higher cost
distortion and non-linearity shielding materials

PET electronics and  Interference with RF detection RF shielding around PET
power cables
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Contraintes

Scintillation Crystals

Imaging Space Imaging Space Imaging Space

(d)

S T B | APD + Electronics  SSPM
in RF Sheeld

Wherl, Cancer Res
Treat 2010
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TEP-IRM

Philips

GE
F e |
Siemens

Light Tight RF Shield G E
with Copper Coating

25mm Scintillator [LBS) Crystol Arrgy ——
with Light Guides ond Enhanced
Spectral Reflectors (ESR)

SiPM - Silicon Photomultiplier

with Circuit Boards/ASICS

Thermal Coupling Gasket —Q%
Aluminum Mounting Plate ﬂ@

LSO array ~ .
Siemens

Crystals
_—— Avalanche
Photo Diodes (APD)
3x3 APD array ———__
~ 1
————— Integrated

9-Channel preamplifier
ASIC board )

9-Channel driver board ——_

Cooling Channels
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TE P_IRM PET/MR Model GE Signa mMR
Patient port (cm) 60 60
MR model Discovery 750 w (3T Verio
3EDn
Patient scan range (cm) 188 (PET/205(MR) 200
Maximum patient weight (kg [Ibl) 226 (5000 200 (441)
Acquisition modes 3D S&S 3D S&S
Number of image planes 89 127
Plane spacing (mm) 2.8 2
Crystal size (mm? 4% 53x 25 4 x 4x 20
Number of crystals 20,160 28,672
Number of PMTs SiPM APD
Physical axial FOV (cm) 25 258
Detector material LYSO LSO
System sensitivity @ 0 cm (%)* 2.1 1.5
Transaxial resolution @ 1 cm (mm)* 4.2 4.1
Transaxial resolution @ 10 cm (mm)* 5.2 5.2
Axial resolution @ 1 cm (mm)* 5.8 4.3
Axial resolution @ 10 em (mm)* 7.1 6.6
Peak NECR (keps)* 210 @ 17.5 kBg/ml 175 @ 21.8 kBg/ml
Time-of-flight resolution (picoseconds) 400 n.a.
Time-of-flight localization (em) 6.0 n.a.
Coincidence window (hanoseconds) 4.6 5.9

— Instrumentation TEP
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TE P_IRM PET/MR Model GE Signa mMR
Patient port (cm) 60 60
MR model Discovery 750 w (3T Verio
(SR )]
Patient scan range (cm) 188 (PET/205(MR) 200
Maximum patient weight (kg [Ibl) 226 (500 200 (441)
Acquisition modes 3D S&S 3D S&S
Number of image planes 89 127
Plane spacing (mm) 2.8 2
Crystal size (mm? 4x53x%x25 4% 4x 20
Number of crystals 20,160 28,672
Number of PMTs SiPM APD
Physical axial FOV (cm) 25 25.8
Detector material LYSO LSO
System sensitivity @ 0 cm (%)* 2.1 1.5
Transaxial resolution @ 1 cm (mm)* 4.2 4.1
Transaxial resolution @ 10 cm (mm)* 5.2 5.2
4.3
Table 1 Performance characteristics of the Biograph mMR and Biograph mCT 6.6
Parameter mMR mCT kBg/ml 175 @ 21.8 kBg/m
Resolution (mm) n-a
n.a.
Axial FWHM/EWTM @ 1 cm 4.1/82 44/88 5.9
Transverse FWHM/FWTM @ 1 cm 4.0/8.0 44/83
Axial FWHM/FWTM @ 10 cm 64/11.8 57107
Transverse FWHM/FWTM @ 10 cm 50108 45/93
Average sensitivity (keps/MBqg) 133 100

Peak NECR (kcps)
Scatter fraction (peak NECR)

Count rate accuracy (mean bias, peak NECR)

196 @ 24.4 kBg/mL
379 %
4.9 %

186 @ 30.1 kBg/mL
377 %
1.9 %
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TE P I RM Table 3. Performance of methods for attenuation correction in PET-MRI.
Method Advantages Disadvantages
, , MRI(Segmentation)  Fast Segmentation errors
Correction d’atténuation No dose No signal in bone

One AC value per tissue
Need for templates for coils

>> Info de densité Truncated FOV

H H MRI(Atlas) Fast Anatomical abnormalities
>> Slgnal air / poumon / 0s No dose Difficult for body imaging
>> Troncature FOV Templates for coils
>> Attén Uati on COi I S MRI(UTE) Identification of bone Additional MRI acquisition

time needed
Not tested for whole body

>> Synchronisation

imaging
PET(Emission) No additional Limited to tracers with dis-
acquisition time tributed uptake (like FDG)
Need for templates for coils
______ PET(Transmission) ‘Works for any object Additional sources and dose
in FOV

Noisy attenuation maps
Limited spatial resolution

¥
l MRI ] l Emission | I Transmission ]

A

T, T,  Dixon UTE | MLAA | | MLACF | Point

sources | | Annulus |

l Atlas ?Segmentan‘on]
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TEP-IRM

Correction d’atténuation

> Segmentation T,

Whole-body MRI MR-pmap MRACPET CTACPET

e
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TEP-IRM

Correction d’atténuation

> Segmentation T,
> Segmentation Dixon
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Evolutions recentes
TEP-IRM

Correction d’atténuation

> Segmentation T, R, (ms")

> Segmentation Dixon

> Segmentation UTE 0.50
0.25
0.00

INSTN Saclay — DES MN 2019 UV3 - Instrumentation TEP




Evolutions récentes

TEP-IRM

Correction d’atténuation

> Segmentation T,

> Segmentation Dixon
> Segmentation UTE
> Atlas / template
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Perspectives

Imagerie Compton cosw = 1 + moc? (Er! - Ey!)
Compton scattering kinetics

absorber

scatterer

' **‘* -

E2 (<E;|_)
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Imagerie Compton

Scatterer
GAGG 1.5 mm

\
|

Absorber
GAGG 10 mm

IH s

SiPM

Thin scatter

Absorber

INSTN Saclay — DES MN 2019 UV3 — Instrumentation TEP




Perspectives

Imagerie Compton

vy Emission intensities
per 100 disintegrations

4
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scatteredy
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Institut National des Sciences
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Imagerie Compton
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LaBr,(Ce)
Density (g/cm?) 7.1 7.4 5.1 7.77
Mg, piey (€M) 0.96 0.87 0.43 1.06
Photofraction for 511 keV ©) 0.41 0.32 0.46
Decay time (ns) 300 40 17 -

Light yield (/511 keV) 3,000 15,000 30,000 10®

"1 [XCOM: Photon Cross Sections Database] *rin 250-800 nm wavelength interval
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TEP corps entier

* Modular “Block” Detectors

« ~3.1x3.1x20 mm L(Y)SO (16 x16)
* PMT (possibly SiPM) readout

+ Time of flight and 1-bit DOI

* 40 rings, 48 detectors/ring

* ~78.6 cm ring diameter

* 215 cm axial FOV
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