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Overview

Simulation of a ClearMind-like system
ClearMind principles

Experimental status

Introduction of the AAIMME project
Double readout with SiPM

Geometry optimisation

Dealing with monolithic crystals

Introduction of a Waveform generator
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Aims to achieve a challenging of ToF PET < 100 ps:

* Current CM Prototype (CMP) [1] led crystals:

* Material: PbWO4 PbWO 4 crystal MCP-MT
s %
* Cherenkov and scintillating N \ |
.+ Size: 59x59x5 mm? a5 Ly s b
« Novel concept of crystal to MCP-PMT — " |
direct coupling ¥y
* New concept for electronics e,4zskev(\\;‘
neams Hi
* New CMP: m\k&
* Double side coupling with SiPM T |
* Size: 59x59x10 mm? i
\y
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Experimental status

A ClearMind Prototype (CMP) has been tested with the
MCP-PMT one side readout using:

* Lasers
e 511 KeV y sources

AAIMME project used Al for position interaction
recontruction showing g, ,, = f(X,Y)

Average of 30 photoelectrons per 511 KeV y
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Introducing AAIMME

Position reconstruction using Al algorithms analog signal from
the transmission lines [2]

Geant4 simulations with modelled waveforms for each XY
position

* Slow simulation of optical photons

Aim to obtain not only the position resolution but an
associated error.

-0,2

Project aims to accurately compute the DOI

Waveform Amplitude (Volt)

Vi

Possible future introduction of a SiPM signal in the Al I S
algorlthm 0 ! * 8 4 5_nme(ns;3 7 8 9 10 1

|
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AAIMME results

Truncated gaussian likelihood
Weighting

* Introduction of AAIMME resolutions: . 700
* Resolution of x,y as a function of x E o j:z
and y. T
* Oxy = f(X,T) with: 8 developeq)
0, =2.58mmando, =1.9mm ~20 j::
» Resolution for DOI still in development — * ™ wwdesxim °
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Double readout with SIPM
Expected effects of SiPM : A

* Decrease in detection efficiency due to
attenuation

* Improvement in energy resolution

 Improvement in spatial resolution (X,,D0I1) [ = "

* Improvement in time resolution MCP-PMT

SiPM

PbWO,

What will be the effect in the final image?
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Geometry optimisation of

Size: 59x59x10 mm?3
Ring Size: ® =~ 60 cm

Study of the effect of different gometries }
on total-body image:

Diameter

Length

Spacing between crystals
Need for thicker crystals?
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Dealing with Monolithic crystals .\.g/"[

* The reconstruction tool CASToR works with matrix of cristals

* Each crystal has an associated ID and the position is defined by it.

* For monolithic crystals a tool to convert X,Y,Z position within the crystal to
a single ID is needed

* Discretisation with a bin size smaller than the resolution: (% > Bin)

* Need to change the macro to discretised version to use for CASToR’s look-
up table creator.

* With the uprise in the use of monolithic crystals this could be developed
as a GATE-Tool or CASToR-Tool.
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ID for monolithic crystals *._, IMT[

X,Y position within the crystal can be converted into ny , n,, IDs as:

N N Where N; is the number of
e = e ) =Gt )

binsizeinx = 2 ~ \binsizeiny 2 bins in the ith direction

This values can be used to define a single ID for a position within a crystal with:
IDgin = Ny(ny — 1) +n,
Using N as the crystal ID in the ring, the position ID within the ring this can be used as:
IDg sector = IDpin + (ng—1)NyN,,

With N, as the ID of the ring within the cylinder, the position ID within the system results:
IDPseudo—Crystal = IDR Sector + (nz_l)NxNyNs
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ID for monolithic crystals *._, IMT[

X,Y position within the crystal can be converted into ny , n,, IDs as:

N N Where N; is the number of
e = e ) =Gt )

binsizeinx = 2 binsizeiny = 2 bins in the ith direction

This values can be used to define a single ID for a position within a crystal with:

_ Ring <
IDgin = N (nx -1+ ny + ACrystal Rin hg se
Darat,o nin

Using N as the crystal ID in the ring, the position ID within the ring this can be used as: Numey OF b

4,
IDR sector = 1Dpin + (ns_l)NxNy + Aring e Crysta/se
Parg;

With N, as the ID of the ring within the cylinder, the position ID within the system results:
IDPseudo—Crystal = IDR Sector + (nz_l)NxNyNs
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H/’T[ developments

Uﬁengﬁz‘ﬁnﬂ laboration.oryg

A better understanding of the analog signal can improve the

whole analysis.

Useful for us and maybe for many!

Digitizer Manager

PbWO 4 crystal MCP-MT
¥

scintilation|

e, 423 keV /\

N\

cherenkov
ok

—

Singles Digitizers

Coinsidence Sorters

Coinsidence Digitizers

Waveformes Generator

Digitizer Modules
* Adder

* Readout

* Energy Blurring

Users sorters

* Delayed
coincidences

* LongCoincidences

Coincidence Digitizer
Modules

* Dead Time <0
« Bandwidd{ o\"
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0
Waveform generator in ', [MT[

Transform the energy deposition into a waveform

Possible approach: Bounded Information Rate Variational .
autoencoder [3] with a bottleneck with 3 dimensions (X,Y,Z) §
Observation space constraints %]
B, | By l824(x 9]
4‘—:1)% { ] }SE;)Z?;;I’UCtion - - SAMPIC Pulse Left

— D DKL (pp(x) H pg(x))
Z OF -+ o umg S »gmv'.’. S—————
r 0 /Sl Ay
i fialve

\
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| -0.1F
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1 s -0.2[
| x|~ py(x) g
1 -0.3F
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! -0.4F

X\~ pD(X)

DKL( 4,(@) | pg(Z)) -0.5[

2 E

Rate of latent representation -0.6F
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5 0| D (4,21 X = x) | p,(a))] g
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Latent space constraints
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A pre-trained BIR-VAE for * ...g/”-[

Aiming to create a pre-trained
model with data from SiPM
and MPC-PMT.

This model could be available

for GATE with a tool to train it

with project specific data.

Observation space constraints

E, [Eqé<z|x> [log py(x | Z)H
Dy Reconstruction fidelity
r I%(5X)
== ] DKL(pD(x) H pg(x))
D:E

X[~ pH(X)

—— o - ——— -

Dy, (Q¢(z) H po(z))

: Rate of latent representation
z ~ py(2) 1,(X:2)
]EP_D(X)[DKL(%(Z |X=x)| pa(z))]
2T

Latent space constraints

&)
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Conclusions

* We want to create a full simulation of the ClearMind total-body PET system.
 The aim is to test the effect of modifying different parameters to optimise the final image.

* The CMP developed an Al algorithm with the AAIMME project to analyse the analog signals to
reconstruct the position interaction within the crystal.

* There are challenges when dealing with monolithic crystals that can be overcome with what
possible could become a GATE-Tool

* The use of a SiPM for a double sided readout could improve this image reconstruction

* These studies suggest the need to create a WaveForm Generator for GATE
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Thank you for your attention!
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