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Simulation studies for J-PET
J-PET simulation studies using the 200 keV energy threshold

Indirect referencesDirect references Used but not 
referenced

to one of ...
P. Moskal et al. Nuclear Medicine Review 15 (2012)
P. Kowalski et al. Acta Phys. Pol. A 127 (2015)
P. Kowalski et al. Acta Phys. Pol. B 47 (2016) 6
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Motivation
● Sensitivity and spatial resolution strongly depend 

on the event selection policy
● False coincidences in the detector are caused by 

hits below 200 keV  
● Aim: to investigate a lower the energy threshold, 

combined with a time-based event selection policy

Moskal et al. Phys. Med. 
Biol. 61 (2016)
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Monte Carlo simulation
and data analysis
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Simulation geometry

1510 330

400

200

3 rings with each 60 cm 2 rings with 
each 33 cm

Brain PET 
insert

TB-J-PET

Simulations with and without the water phantom 11



September 26th 2025

Simulation settings
● Set the lower energy threshold to 50 keV
● Low total activity of 1 MBq to minimize the impact of 

random events
● Coincidence window 4 ns
● Export only coincidences but remove any further filtering 

by choosing the GATE policy takeAllGoods
● Time resolution CTR = {0, 200, 400, 600} picoseconds

● Blurring axial position according to the WLS dimensions 
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Conclusions

● Scanners close to the phantom pose limitations to the scatter test
● Thresh.  Sel. performs sub-optimally for time- and energy-based policies➞
● Sel.  Thresh. improves the accuracy, event with time resolution limitations➞
● The increasing fraction of detector- or phantom-scattered events with a 

lower energy threshold needs to be compared to the significant rise in the 
number of events (sensitivity)

● An analysis in the image domain with energy threshold-dependent scatter 
correction is necessary to further evaluate optimal event selection policy
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Event selection in MC simulations 

1. Only considering events with exactly two hits with E > 200 keV (and allowing 
more hits with E < 200 keV)

2. Cutting based on the correlation between the azimuthal angle difference and 
time difference (more relevant for larger activities)

P. Kowalski PhD thesis (2021)P. Kowalski Phys. Med. Biol. 63 (2018) 25
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Reason #1: phantom scatters

P. Moskal et al. Nuclear Medicine Review 15 (2012)

SF=
N p-sca+N d-sca

N true+N p-sca+N d-sca

P. Kowalski et al. Acta Phys. Pol. B 47 (2016)

Without 
Δθ-Δt cut

With 
Δθ-Δt cut
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Reason #2: detector scatters
Which energy threshold can a single 511 keV 
photon exceed in two consecutive interactions?

P. Kowalski PhD thesis (2021)

E 0
=5
11
ke
V

Δ E1

Δ E2E thr=
7−√17

8
E0 ≈183.8keV
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Simulation settings

Policy name Description
takeAllGoods Each good pairs are considered

takeWinnerOfGoods Only the good pair with the highest energy is considered

takeWinnerIfIsGood If the pair with the highest energy is good, take it, otherwise, kill the 
event

takeWinnerIfAllAreGoods If all pairs are goods, take the one with the highest energy

takeWinnerIfOnlyOneGood If exactly one pair is good

killAllIfMultipleGoods If more than one pairs is good, the event is seen as a real “multiple” 
and thus, all events are killed

killAll No multiple coincidences are accepted, no matter how many good 
pairs are present

Available multiple policies in GATE:

https://opengate.readthedocs.io/en/latest/digitizer_and_detector_modeling.html#multiple-coincidences 28

https://opengate.readthedocs.io/en/latest/digitizer_and_detector_modeling.html#multiple-coincidences
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Simulation settings

Policy name Case 1 Case 2 Case 3 Case 4
takeAllGoods (1,2) (1,2);(1,3);(2,3) (1,2);(2,3) (1,2);(1,3);(2,3)

takeWinnerOfGoods (1,2) (1,2) (1,2) (1,3)

takeWinnerIfIsGood (1,2) (1,2) (1,2) -

takeWinnerIfAllAreGoods - (1,2) - -

takeWinnerIfOnlyOneGood (1,2) - - -

killAllIfMultipleGoods (1,2) - - -

killAll - - - -

https://opengate.readthedocs.io/en/latest/digitizer_and_detector_modeling.html#multiple-coincidences 29

https://opengate.readthedocs.io/en/latest/digitizer_and_detector_modeling.html#multiple-coincidences
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Axial blurring

Has a small 
impact on 
the scatter 
test when 
compared 
to the time 
resolution 
limitations

30
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Event ordering
● Events are ordered based on time, but not based 

on the ‘mid-time’ (t1 + t2)/2
● For example consider 4 events:

● If t3 – t0 < 4 ns, GATE orders as follows:
0 1 2 3

time

https://opengate.readthedocs.io/en/latest/digitizer_and_detector_modeling.html#multiple-coincidences

Event number
Hit number 1
Hit number 2

1 2 3 4 5 6
0 0 0 1 1 2
1 2 3 2 3 3

31
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Event selection policies studied
● Choose one coincidence per multiplicity group
● Investigating four policies:

– Ideal (for reference): If a true event is in the multiplicity group, 
choose it; otherwise choose the first coincidence

– Time-based: sel.  thresh.➞ : Choose the first one of the 
multiplicity group with data collected down to 50 keV

– Time-based: thresh.  sel.➞ : Choose the first one in the 
multiplicity group with data collected at the given energy threshold

– Energy based: Choose coincidence with the highest total energy 
deposited (E1 + E2)

32
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Data analysis

Passing:
● 55% without phantom
● 44% with phantom

Without phantom
Time resolution: 0 ps

Setting ”-1” for 
different detectors

33
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Multiplicity

CTR [ps] (FWHM)

Threshold 
max. at 10 cm
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Scatter test: passing percentages

CTR [ps]
(FWHM)

Passing 
scatter 
test [%]

0 73.14
200 72.70
400 73.17
600 74.62

CTR [ps]
(FWHM)

Passing 
scatter 
test [%]

0 64.90
200 63.65
400 63.85
600 65.43

Without phantom With phantom Threshold 
max. at 10 cm
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