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Total-Body J-PET from plastic scintillators




Total-Body J-PET:
= 16 (6%x30 mm?) plastic scintillator strips per layer
= 2 |layers per module

= 1 layer of (dimensions) wavelength-shifting
(WLS) strips per module

= 24 modules per ring
= 7 rings each of 33 cm AFOV
= 2 cm gap between rings
Total AFOV =243 cm




On a way to the Total-Body J-PET

Currently commissioned J-PET:
= 13 (6x24 mm?) scintillators per layer

= 1 layer per module

= 24 modules per ring

= 1ring of 50 cm AFOV ’
P Kowalski et

Simulated J-PET: al 2018 Phys. Med.
= 7x20 mm? scintillators per layer Biol. 63 165008

= 1 layer per module

= 1 layer of WLS per module

= 24 modules per ring

" 1ring of 50 cm AFOV




P Kowalski et al 2018 Phys. Med. Biol. 63 165008

Spatial resolution

On d Way to the TOtal—BOdy J_PET 20 expressed as FWHM of PSF
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Simulated J-PET: (along the strip) with

— : 20 mm
= 7x20 mm?Z scintillators per layer resolution of 22 mm :
u 1|ayer oer module Nucl. Instr. and Meth. """"'E"""'"7mm
= 1 layer of WLS per module A764(2014) 317-321 . . .
Hit transaxial position estimated as

u 24 mOdU|eS per rlng ,Z’ information NOT used center of the scintillator in the
= 1 ring of 50 cm AFOV DOI'NOT used transaxial cross section 6




WLS strips for position determination
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WLS strips for position determination
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Mean 45.93
Sigma 5.296

Lead collimator

J. Smyrski et al., Nuclear Inst.
and Methods in Physics
Research A 851 (2017) 39-42

Experimental

Scintillator

SiPMs (x 3)

300x19%5 mm?3 BC-420 scintillator strip
16 BC-482A WLS strips (5x3x100 mm?3)



P Kowalski et al 2018 Phys. Med. Biol. 63 165008

Axial resolution expressed

On a way to the Total-Body J-PET as FWHM of PSF
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Simulated J-PET: (along the strip) with .
.. - mm
= 7x20 mm?2 scintillators per layer resolution of 5> mm :
- P Kowalski et al 2018 Phys. shaEEEEEEmEEEEEEEEE
1 :ayer ?r module . Med. Biol. 63 165008 : /7 mm
= 1 layer of WLS per module . : :
Hit transaxial position estimated as
| 7 3 1 . . .
24 mOdU|eS per rlng ,Z |nf0rmat|0n IS used center Of the SC'nt”Iator in the

= 1 ring of 50 cm AFOV DOI'NOT used transaxial cross section 5



On a way to the Total-Body J-PET

. P Moskal et al 2021 Phys. Med. Biol. 66 175015
Simulated J-PET: -

= 7x20 mm? scintillators per layer
= 1 layer per module

= 1 layer of WLS per module

= 24 modules per ring

" 1 ring of 50 cm AFOV

P Kowalski et
al 2018 Phys. Med.
Biol. 63 165008

Simulated Total-Body J-PET:
= 16 (6%x30 mm?) scintillators per layer
= 2 layer per module
= 1 layer of WLS per module
= 24 modules per ring

= 1ring of 200 cmm AFOV

10



On a way to the Total-Body J-PET

P Moskal et al 2021 Phys. Med. Biol. 66 175015

Spatial FWHM
resolution | [mm]

Radial 4.8
Tangential 4.8
Axial 7.8
Hit axial position  oPatial resolution expressed
Simulated Total-Body J-PET: (along the strip) with as FWHM of PSF
= 16 (6x30 mm?) scintillators per layer resolution of 5 mm 30 mm
= 2 layer per module Powalskietal 2018Phys. L, , ......... 6 mm
Hit transaxial position estimated as

u 24 mOdU|ES per rlng ,Z’ information IS used center of the scintillator in the
= 1 ring of 200 cm AFQOV DOI'NOT used transaxial cross section 11



Simulation of WLS response

2nd order

1*torder photons

photons scintillator

y
i WLS strips

interaction point

reflective surface

In order to take into account some WLS, geometry and

SiPM effect, a numer of efficiencies has been added:

* 0.96 - fraction of photons passing the interface air-
WLS

* 0.75 - fraction of photons absorbed in WLS

* 0.86 - fluorescence efficiency of WLS
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J. Smyrski et al., Nuclear Inst.
and Methods in Physics
Research A 851 (2017) 39-42

SiPM

BGO
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. deposition of -
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200
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0.28 - fraction of confined photons propagating
towards one end of a WLS strip

0.60 - coverage of WLS face with SiPM

0.62 - SiPM fill factor

0.35 - photon detection efficiency at 500 nm

12



PRELIMINARY

Validation of the simulation method

. J. Smyrski et al., Nuclear Inst.
Article and Methods in Physics . . 2 F
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Number of photons

PRELIMINARY

Reconstruction of )y’ position (DOI)

1000 annihilation photons interactions
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Reconstruction of ,y’ position (DOI)
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Events
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PRELIMINARY
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On a way to the Total-Body J-PET

P Moskal et al 2021 Phys. Med. Biol. 66 175015

P Spatial FWHM
= 2 Y resolution | [mm]
Radial 3.3
Tangential 3.7
- Axial 4.9
Hit axial position  oPatial resolution expressed
Simulated Total-Body J-PET: (along the strip) with as FWHM of PSF
= 16 (6x30 mm?) scintillators per layer resolution of 5 mm 30 mm
b\.: i ::zz:: 1(ca :Nrrll_g c:)l:alre module > i 50 6 1 T oow % 6mm
" 24 modules perring ,2 information IS used Hit transaxial true position is known

" 1ring of 200 cm AFOV DOI IS used 18
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Reconstruction of ,z” position
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