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Abstract

J-PET is the PET system based on plastic scintillators. Here we demonstrate that J-PET may be used for
proton range beam monitoring and present indications that it can be used for positronium imaging during
proton therapy. Proton therapy is a quickly developing type of radiotherapy. Using its advantages -
especially finite range of protons and maximum energy deposition at the end of the path (Bragg peak),
one can obtain more uniform dose distribution and better coverage of a tumor volume than in popular
radiotherapy techniques. To exploit those advantages, one needs to precisely know the position of a Bragg
peak in the tissue. Thus, the beam monitoring system is needed. This role could be filled with PET scanner
[1]. Additional advantage of this approach would be also enabling positronium lifetime measurements [2].

Hits in DAQ as in time

Hits in DAQ as in time

hits_in_time_./dabc_ 21297070446 hid
Entries 544469
2000 Mean 1.645e+05
Std Dev 6.26e+04

hits_in_time_./dabc_21297070549.hid
Entries 739640
Mean 3.671e+05

3 120012 Std Dev  1.731e+05
c

5 1400
o
Q

II|

c
3
3 1000

IIIIIII[II]

800

=1 |

P M PR 1L L MOV ST ) A P P e T T, |
80 100 120 140 160 180 200 220 240 260 i L hak i h idhaltill i L A | |

Time Window [50 p bins] 200 300 500 600

Time Window [50 p bins]

T 10°

Hits in DAQ as in time

hits_in_time_/dabc_21297070245 hid
Entries 698275
Mean 1.837e+05
Std Dev 1.204e+04

2200

2000

1800
1600
1400
1200
1000

800

600

400

200

E'w'"|"'|"'|"'|"'|"'|"'|"'|

0

165 170 175 180 185 190 195

Experimental setup

Experiment took place in the Cyclotron Center Bronowice (CCB) in Krakéw. During the experiment
several PMMA and water phantoms were irradiated with proton beams — both therapeutic and
pencil beam. In this study we focus on the irradiation of the cuboid PMMA phantom, of the
dimensions 5x5x20 cm3, with a proton pencil beam. Modular J-PET:

= Modular design

= 24 modules

= 13 scintilator strips per module

= 4 SiPM per scintillator side oo (R T— T— T—
= 2 constant thresholds per SiPM ooob S T - ...................... &
= 50cm FOV 800} " SINE ---------------------------- S 0
» Digital data at the module output “E ik
s /6.2 cmin diameter

= Light design — weight about 60 kg
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Fig. 5.: Figures show the counts in the detector as a function of time. The up-left figure shows the hits in DAQ system during the irradiation
of the Phantom - the high peaks mark the injection of the pencil beam in the phantom, the up-right figure shows the hits in DAQ system
after the irradiation — there are no high peaks. The bottom figure shows the close-up so we can see one injection of the pencil beam.

2 Selection criteria:

e

. '.“
e

- Y

-4

.

.

r' 4

ProjectionY of binx=[0,312] [x=199.5..512.9] ProjectionY of binx=[0,312] [x=199.5..512.5]
1600 i_ .............................. .............................. ............................. ...... 2::::” ;.4g696;3e+08 ?

. : : : 8.80+04
1400 ! 1 .............................. .............................. 44444444444444444444444444444 ....... 5.002e+04

- ) i [Enties  5515572e+07
o : { i Mean 9.128e+04
500 L e LSOO et - td Dev

Number of Entries
Number of Entries

400[— L T T— — ]
1 : H

400{— | o .

100 — R .............................

200—] s .............................

L ><103
250

o
a
o
-
o
o
-
a
o
N
oM
O
X
a
o
w
o

250 Time over Threshold [ps]
Time over Threshold [ps]
PM i Fig. 6.: TOT — time over threshold - plots for off-beam (left) and in-beam (right) data sets. The region between red, vertical lines is

the TOT we identify as a signal from annihilation gammas.
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Fig. 1.: Schematic view of two plastic strips (right), PET measurement with a
patient in the hospital using J-PET detector [2].

= Two-head system
= Each head consist of

10 -12.5 -12.5

T S5 T -6.25 T -6.25
o / three layers of s s 3
S0 2 0 2 0.
modules F g g
s :‘ 5 : 6.25 : 6.25

= Each layer consist of
four modules — 52

p+C12->Ci+ ., scintillator strips

D + 016 -> Q14 + ... = Heads placed 30 cm I W AT S e T W B0 ARTE A ponitiontomy o
apart

= Each headis 39.6 cm
high and 50 cm long
(FOV)

-10 12.5 12.5

-15 18.75 18.75

Fig. 7.: Results of the image reconstruction of the off-beam data, gathered by J-PET. The red arrows show the beam direction.

4 In-beam proton beam 2 gamma image:
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Fig. 2.: Experimental setup used during the experiment in CCB.
Fig. 8.: Results of the image reconstruction of the in-beam data, gathered by J-PET. The red arrows show the beam direction.

5 First indications —the search for positronium:
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Beam profiles
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(right) in-beam TOT spectrum. TOT spectra show the region of interest were the prompt gammas should appear.
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Figure showing the region of interest to obtain a beam profile. Off-beam image is on the left and In-beam image is on the right.

Summary

Off-beam_profile I In-beam_profile __ In this research we prove that the J-PET system is suitable for the proton beam range monitoring
1 §dDJgg§§ 1 e ® purposes. It useful in off-beam mode as well as in the in beam mode. This allows to monitor the proton
i ’g‘}’”df &91}53:3%0’2;{% i »Zi“fﬁ’?f“ _O.g4g-g1;g§§ beam during the irradiation and verify the range after the irradiation proces. Beam profiles show the
08| b aoiesoums 08T 7 oo same shape and the range obtained by fitting sigmoid function is in the agreement within the error: off-
i i beam range = 95.46 £0.24 mm and in-beam range = 95.35 +0.20 mm.
0 o However the range of the beam was set to be 100 mm, this means that there is a need to apply
i i corrections. Proton, at the end of its path, does not have enough energy to induce nuclear reactions
0'4? 0'4;_ [2,3,4,5]. Fig. 9. shows the potential for positronium imaging. This is only first step of the long analysis,
e ol however it shows that it is a worthwhile work to be done. Positronium imaging could enable additional
i i possibilities in proton beam therapy treatment [6,7].
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Fig. 4.: Beam profiles for off-beam image (left) and in-beam image (right). The red curve is a fitted sigmoid function to estimate the range of

the beam. The vertical , red line marks the obtained range. References
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