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Cea TOF-PET rear

» Positron Emission Tomography (PET)

— Diagnosis for Cancers & Cardiac/neurodegenerative diseases

s < CglfN TOF illustration(®)
a e de

t\\:_
Injection isotope
radioactif

> Time of Flight (TOF) technique®® — Requires GOOD time resolution

Measurement of time difference of signals acquired in coincidence by two detecting modules

— Enhance image contrast — Reduce patient dose 32
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Cea ClearMind Project ghlea

MCP-PMT » Fast detector for TOF in PET
'—- .
— Detect efficiently Cherenkov and scintillation lights
cherenkov T — Direct deposition of the photocathode
eeiosllslon| o / Sel| — =T — Detector with monolithic, large surface PbWO, crystals as
/ / AN < the optical window of the Micro-Channel-Plate (MCP) PMT

e, 423 keV Xﬁ N
ﬂ/<:\ i ) = — — Transmission line readout board + digitized electronics
< O > Reconstruct 511-keV « 3D interaction: a few mm (FWHM)
v X

Measure Coincidence Resolving Time: a few 10s ps (FWHM)

| » ,Photocathode Trapsmission Line
Readout Board
*with digitized electronics
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cea ClearMind Project Status Mmd

» Stage I: Thin detector (5 mm) with 1 detection surface JESeteR¥eleE)Y
» Stage Il: Thick (10 mm) detector with 1 detection surface and optimized efficiency

» Stage Ill: Detector with 2 detection surfaces and further optimization
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ClearMind Detector Simulation in Detail
Physics Simulation in Geant4 - Configuration Choice
Detector Main Features - Optical photons, Photocathodes simulation
PMT Simulation: Model design - Fitting lab results
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» Physics list: GAEmPenelopePhysics

Electron Energy Spectrum Photon Production*

2 9 F

K i — default 5 ool *one 511-keV gamma conversion event — default

8 i — 10 pm 8 C — 10 um

10°§ 50 um C 50 pm

i — 100 um L — 100 um
N 400
10 C
. 300—
10° 200~
10 100;
1 C

. ... il . il -
0 100 200 300 400 500 500 0 50 100 150 200
Energy/Event (keV) Photons/Event

> Step length limit (range cut) of the secondary particles: Default from Geant4

— More realistic, similar simulation time
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Cea Crystal Surface Configuration ﬂﬁﬂ

» Crystal: PbWOQ,
> Size: 59 x 59 x 5 mm®
» Surfaces: 2-sided polished + 4-sided grounded

Rugosity Map Photon Collection Time

15 &

1.0 - 3 — Rugosity map of the grounded crystal
05 - — Unified model with oapha = 20°
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M. Follin et al., JINST 16 P08040 (2021)  8/23




C22 Scintillation Yield and Time Constants [ e
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> Scintillations (fast/slow)
> Light yield: 300 photons/MeV
» Fast component fraction: 58.6%
» Ths: 1.79 ns

Time Constant Light Yield
» Tgow: 6.41 ns 0
- — Total L
~ — Slow component | 5,
— Fast component
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Photocathode Configuration » Clear
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STAN

» Bialkali-blue photocathode
» 25 nm thickness, directly deposited to PbWO,.
» Photon absorption length
Refractive index
Extraction probability
are parametrized as a function of wavelength
(D. Motta et al, 2005)
— Quantum efficiency: ~ 30% in 400 nm

» Photoelectron collection efficiency = 90%
(atomic layer deposited coated MCP)

— PbWO,
— Photocathode

— Photons
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CZa Photon Production and Photoelectron Detection %%

Counts

S
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Photon Production(¥)

(l>one 511-keV gamma conversion event

SS7AN;

Photoelectron Detection(®)

(1)one 511-keV gamma conversion event

10°

[~ — Scintillation 4+ Cherenkov (175 photons)
I — Only Cherenkov (22 photons)
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Direct deposition: scintillation+Cherenkov
Direct deposition: Cherenkov (prob.(2)=85.4%)
With gel: scintillation+Cherenkov

With gel: Cherenkov (prob.(?)=69.8%)

<2)Probab\'lity to detect at least 1 Cherenkov photon in one event

50 6
Photoelectrons/Event

Clear
Mind
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Cea PMT Hardware Setup & Model ﬂﬁ%r

%

» PMT model tuned on the experimental data with Transmission line RO board®
parameterised approach =

» Measure using PHOTEK detector and pico-second laser in
the single photon regime

» Amplitude gain and fluctuation Anode pads of PMT(?

» Charge sharing between lines
» Time distribution (time transit spread)
» Digitized signal shape

Amplifier board — @
Readout board® —
PbWO,+PMT® —

Quartz window

Detector Composition PHOTEK, MAPMT253 Standard Detector
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_ Amplitude Gain/Fluctuation & Charge Sharing é Clear
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(XPE _Xpad)2+(ype _ pad)2

- Amplifier: 40 dB, 1GHz (Bandwidth) Charge Density = e~ 252
(1JC Lab, Orsay, France) (0 =0.875 mm)
- PMT Gain: ~ 108 - Charge is mainly induced on 3 lines
Average Amplitude per Photoelectron* Average Amplitude per Line*
§ 1000 Simulation === % °7F Simulation [ ]
1400 g 06
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cea PMT Time Response

Measurement Simulation
PMT Time Distribution in single position Time Transit Spread Implementation
Main: 62.5%
[%)] = ” x10°
€ 350¢ Taily: 27.6% 5 ¢
2 300 8 o
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2005 o
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Cea Signal Shape in Detail Edlﬁf::lr

Digitization module: SAMPIC

>
E L
- Signals pile up on same readout line g%
- Event reconstruction relies on the signal shape L3
—2 —(t—At) 7100?
F(t) = —e2:% + Arebound * [Brebound + tanh(Crepound - (t — At))] - €~ = -ts0F- o —
720017 ‘ Tm‘n
6 10
Time, ns
Gaussian tanh - exp Signal
—

0=0.22ns i [\
- + I mrAt==2idins =

] Alebdund == 5%

Bropdiaa= 1
T Crebound =10

Ti=10ns
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ce_a Realistic Signal Shape - with Reflection Clear
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F(t) = —eﬁ + Arebound : [Brebound + tanh(crebound . (t - At))] . e_ t:m

Main peak + Reflection peak = F(tpe) + 25% - F(tpe + dt)
-0 =0.22ns, At = 2.4 ns, Arebound = 5%, Brevound = 1, Crebound = 10, 7 = 10 ns §
- tpe: photoelectron detection time

- dt: delay ti f th flecti
iy Hme oTEhe rerecton Digitized using SAMPIC_V3C module

> F - F
S I Center of the detector £ 20; Right side of the detector ‘
g% g o
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S 50l : ‘5 -a0F fa
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Event Reconstruction
From Measurement/Simulation to Reconstruction Parameters
Reconstruction Methods and Results
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_ Sample Data Preparation ﬂ.ﬁr

» Simplified detector

» Black surfaces around the crystal — No reflection

301
» Event reconstruction target E F * 511 keV gamma conversion
> X, y, Depth of interaction (DOI) > 20 ° Detected ph(?toelectron
L [ 4+ Reconstruction
of gamma conversion in each detector F ([ 1)
10— .*
. fr®
0*

— PbWO, _20i
— Photocathode o PSR S Elgrlalsu

— Photons 303530 o 0 10 20 30
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t X & Y Reconstruction Method |

Statistical Method
» Y reconstruction:

» X reconstruction:
> y; = i" line coordinate

» dt; = Time difference of

left and right ends on line i > 2;71Yi‘wcharge,i
> x, = dt;/2 - Signal Speed Y= m
» line i: line with maximum charge
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ce_a X & Y Reconstruction Method Il rear

&7 SMind
Machine Learning/Deep Learning Method

» ROOT-TMVA package: Regression » Input variables: Information from the signals

» Gradient Boosted Decision Tree (BDTG)? > X: Signal charge on each lines

> Deep Neural Network (DNN)® Time difference between left and right

BDTG illustrati channel signals
a. IHiustration . .
> Y: Signal charge on each lines

Pure Signal Nodes
Pure Backgr. Nodes

b. DNN illustration

/(S+B)=1.000
rms_y>-0.834

5/(S5+B)=1.000 =1.000
lines[31].ChargeL +lines[31].ChargeR>-0.391

>-0.807

>-0.

42@;’
"I§
5
S\
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C2a X & Y Reconstruction Results Eﬂlﬁﬂ

X Reconstruction Y Reconstruction
0.08 _— 0.081 —
= — statistical = — statistical
3 —BDTG Elads —BDTG
[} C T c
= o008 — DNN = o008l —DNN
£ E € £
g o005 $ o005
i = i r )
0.04 Work in progress o0afl Work in progress
r FWHM = 1.83 mm = FWHM = 0.95 mm
0.03? FWHM = 2.72 mm 0-03;* FWHM = 1.17 mm
£ FWHM = 4.33 mm £ FWHM = 1.15 mm
0.02]- 0.02]—
3015* 00157
| =— N . P =— ‘ i I B ——
%0 8 -6 - ~ 0 4 6 8 10 20 8 6 -4 - 0 4 6 8 10
dx (mm) dy (mm)

21/23



D LA RECHERENE A iNBUSTRIE

truction

Statistical Method

» Depth-of-Interaction (DOI) reconstruction:
correlation between o (spread of photoelectrons) and DOI
> Xpe,; = dt;/2 - Signal Speed Ype,i = it line position
32 32

Xpe,i*Wcharge, i Ype,i*Wcharge, i

— i=1 — i=1
> Xy = w2 D v —
§ i1 Weharge, i § i1 Weharge, i
32 32
> § izl(xpe,ifx'y)z'wcharge,/' § izl(Ype,i7Y’Y)2‘Wcharge,f
Oxy = Oy,y =

V-1 =%
i § i1 Weharge, i

WA

Machine Learning/Deep Learning Method

» Input variables:
Information extracted form the signal

» DOI: Charge of lines, ox,, 0y,

Weharge, i

Events (a.u.)

Reconstruction Results

S50 as2 ass a6 ses 990 5e (394
z

o
mm)

— statistical

—BDTG
— DNN

FWHM = 1.89 mm
FWHM = 1.81 mm
FWHM =2 mm




ce_a Conclusion & Perspectives ﬂﬁg

Measurement Setup for the CIeaernd Detector
CIeaernd Detecto

» Develope a realistic ClearMind detector simulation gl

» Demonstrate the event reconstruction
with statistical and machine learning methods

» ClearMind Project Status
Testing - Stage I: Thin (5 mm) detector with 1 detection surface
Test 2 detectors with the rotating stages at Marseille
In 2022 - Stage II: Thick (10 mm) detector with 1 detection surface and optimized efficiency
Stage IlI: Detector with 2 detection surfaces and further optimization

! Movm g Station

» Future work

» Full PET scanner simulation
» Using full signal shape for the reconstruction
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meters
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Cea TTS Implementation Details

Simulation
Time Transit Spread Implementation

“10° Implemented model
% F Entries. 62413
3 r Faiont 05764
MAPMT253 Measurement = ocien2 | 00%
s Vot 109
o of the main peak Fraction of the tails 2 Meanaiz 360
Tmain = 33ps (Work in progoress) fraceair +taiz = 38.5% Zi LsuDeviaiz 220 |
E ol = =R, . B FWHM = 86.1ps
- s ? 1.5
& ' . °F Main = 62.5% G(0. ,0.033)
o : . F Tail, = 27.6% G(0.106,0.078)
" : e Tail, = 9.9% G(0.38,0.22)
60| o 3 Olsi
4
50;_=;= E__—; 2 .25 C ‘ |
40~-5~"50 0 S0 0 500 1000 o0 2000
time (ps)

26/23



	ClearMind Project
	Positron Emission Tomography & Time-of-Flight
	Project Goal & Detector concept

	ClearMind Detector Simulation in Detail
	Physics Simulation in Geant4 gray - Configuration Choice
	Detector Main Features gray - Optical photons, Photocathodes simulation
	PMT Simulationgray: Model design - Fitting lab results

	Event Reconstruction
	From Measurement/Simulation to Reconstruction Parameters
	Reconstruction Methods and Results

	Conclusion & Perspectives
	Appendix
	


