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Positronium decay
Ps lifetime spectrum
The SIMPLE algorithm
Method of moments
SIMPLE-Moment
Preliminary results for the simulated study

Outline
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Positronium decay

o-Ps lifetime depends on O2 
concentration, bio-active 
molecules, density etc



4

Ps lifetime spectrum From J.Qi presentation (Jagiellonian symposiun 2024)
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The SIMPLE algorithm
SIMPLE – Statistical IMage reconstruction of Positron annihilation LifetimE
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PI event model
Positronium imaging (PI), also – positronium 
lifetime imaging (PLI)
The distribution of the lifetime measurement of 
true PI events (no randoms, no background): The Ps lifetime  at voxel : 𝑚 𝑗

NOT o-Ps, with the expected m 
covering all decay mechanisms

(j is omitted here)

J.Qi (doi.org/10.21203/rs.3.rs-5045821/v1)
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The SIMPLE algorithm J.Qi (doi.org/10.21203/rs.3.rs-5045821/v1)

Ps lifetime image 𝑚 -- from activity x 
as a weighted w:

From J.Qi presentation 
(Jagiellonian symposiun 2024)
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The SIMPLE algorithm J.Qi (doi.org/10.21203/rs.3.rs-5045821/v1)

Projection data vector z whose expectation is the forward projection of w.

yij is the number of PI events originated in voxel j and detected in TOF sinogram bin i; N is the number of 
voxels; H and is a standard TOF system matrix whose element Hij denotes the probability of detecting a 
coincident event originated in voxel j in TOF sinogram bin i.

Projection data is a sum of the measured lifetimes:

Kij denotes the set of list-mode indices of the events originated in voxel j and detected in LOR i
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The SIMPLE algorithm J.Qi (doi.org/10.21203/rs.3.rs-5045821/v1)

minimizing the cross-entropy (Kullback-Leibler) 
distance between the data vector  and the 𝒛
forward projection 𝑯𝒘

Surrogate function (via optimisation transfer):

     Each event is weighted by its time delay

As a result – MLEM-like iterative update

In list-mode:
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The SIMPLE (experiment) J.Qi (doi.org/10.21203/rs.3.rs-5045821/v1)
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The SIMPLE (experiment)
J.Qi (doi.org/10.21203/rs.3.rs-5045821/v1)
From J.Qi presentation (Jagiellonian symposiun 2024)
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Method of moments Isenberg I and Dyson RD (1969) Biophys. J.
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Method of moments

Isenberg I and Dyson RD (1969) Biophys. J.
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The n-th moment of the lifetime

SIMPLE-Moment

B Huang and J Qi (2024) PMB
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Reconstruct an activity-weighted moment image:
(xj is the radioactivity in voxel j, qj is the detection probability of a prompt gamma emitted from voxel j)

A time-delay weighted projection data:

Its expectation: 

Show that the expectation ~ forward projection of w:

How to reconstruct moments?

B Huang and J Qi (2024) PMB
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Reconstruct an activity-weighted moment image:
(xj is the radioactivity in voxel j, qj is the detection probability of a prompt gamma emitted from voxel j)

Update (with the expectation of background events):

Three reconstructions with n = 0, 1, 2 (2 – for o-Ps).

How to reconstruct moments?

B Huang and J Qi (2024) PMB
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SIMPLE-Moment

B Huang and J Qi (2024) PMB

Simulated in GATE for Neuro-
EXPLORER, (R = 52 cm, L = 49 cm), 
44Sc 20kBq/mL, 30 min, CRT = 250 ps.

The results are compared with the 
SPLIT ML-based algorithm (more 
precise, more time-consuming)

Huang B et al. (2024) IEEE Trans. Med. 
Imaging
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Replicated geometry of the modular Jagiellonian PET + NEMA phantom
22Na, no positron range. 7.8E+6 3-photon events (2.1E+6 - true)

Geant4 simulation (Kamil Dulski)

Polymethylene C2H4 (G4_POLYETHYLENE?)
„Lung” (0.30 g/cc) 
PMMA (C5H8O2)n (1.19 g/cc)
Carbon fibre (1.6 g/cc)

tissues of various density insidetissues of various density insideNo top cover
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2.1E+6 true events
Original granularity – cubic voxels of 4-mm side,
Also downscaled to 8-mm
Median post-filter (MPF) applied 
with a cubic mask of the radius R = 8 mm.

Reference reconstruction (no MPF)
(original PI algorithm), voxel side – 8 mm

Preliminary results

SIMPLE-Moment

4-mm 8 mm
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Thank You for Your attention!
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