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Motivation — on-line monitoring of hadron therapy

* Cancer causes ~25% of deaths in EU

 Possible options for treatment: surgery,
chemotherapy and radiotherapy

* Proton therapy is highly precise and selective

* Need for precise and efficient on-line monitoring
method

* Prompt y radiation — emitted as a result of nuclear
reactions occurring during treatment

provided that we know the distribution of tissues in the  « Energy spectrum up to 10 MeV

patient’s body

 Strong correlation with the position of the Bragg peak

* Uncertainties: transformation of CT images (dE/dx),

patient positioning, anatomical changes
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Motivation — Compton Camera

* Compton camera allows to reconstruct the origin of a primary
photon on the surface of the 'Compton cone'

* It typically consists of two parts: a scatter detector and an
absorber detector

* Primary y undergoes Compton scattering in scatterer detector
and deposits energy E.. Secondary y’is absorbed in the

absorber detector and the remaining energy E, is deposited

* Points of interaction in scatterer and absorber define axis and

scatterer
absorber vertex of the Compton cone

src: F. Hueso-Gonzalez et al., Front. Oncol. 6 (2016) 80

matrices of  Half-opening (scattering) angle:
SiPMs cosf = 1—mec2(i—i)
2 E, E,
g e * Technique proposed and tested for proton therapy monitoring
2 BT purposes
g
g * Issues: small statistics (efficiency) and background coming
8 from random coincidences
é * Proposed solution: detectors with larger efficiency and better
% time resolution (electronic collimation) — Compton camera
based on thin fibers made of heavy inorganic scintillator

scintillating fibers
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Heavy inorganic scintillating materials

. L . LUAG:Ce LYSO:Ce GAGG:Ce,Mg
Requirements for scintillating material: Crytur Epic Crystal C&A Corporation
Formula Lu,ALO,:Ce |Lu, Y, ,SiO,;Ce| GdAIGa0,:CeMg
- Large pand Z,, Density [g/cm?] 6.73 7.1 6.63
* Emission spectrum compatible with SiPMs _Zeff _ 63 65 o5
Refraction index 1.84 1.81 -
» Short decay constant (at max emission)
. . Maximum of emission [nm] 535 420 520
Large photon yield Decay constant [ns] 70 (44%) 40-45 45 (58%)
» Attenuation length above 10 cm _ 1063 (56%) 135 (42%)
_ Photon yield [ph/MeV] 2.5x10* 3 x 104 5.6 x 10*
* Good energy resolution Photoelectron yield 20 75 -
* Small intrinsic activit [% of Nal:T]
y Radiation length 1.3 1.2 -
at 511 keV [cm]
Geometry: Attenuation length [cm] 5-30 40 -
«1mmx 1 mm x 100 mm Energy resolution 8-8.5 7 5-6
at 662 keV [%]

src: K. Kamada et al., IEEE Trans. Nucl. Sci. 63 (2016) 443-447

LYSO:Ce

Microscopic pictures: Axio Observer Z1 Zeiss, bright field mode
mgr T. Kotodziej, mgr inz. Z. Baster, Department of Molecular and Interfacial Biophysics of JU
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Experimental setup

CAEN Desktop Power supply
Digitizer DT5742 +/-5V

Evaluation board "
@

Scintillating /
fiber
Light-tight box

- - Lead collimator

Na-22

Radioactive source

Computer with dedicated,
custom made software
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Hamamatsu Evaluation Board C12332-01
Hamamatsu SiPMs S13360-3050VE
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Signal shape and decay constants
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Attenuation length

Attenuation length indicates the penetration depth of the light emitted in the scintillation process inside the
scintillator itself.

Having charge spectra registered at different positions z along the investigated fiber the attenuation length L_,

can be determined as: 7
In (M p5(2))=Ag+——

att

Where M_,(z) describes relative light output at both ends of the fiber and it’s given as:

61060d (£102) 8 LSNIr /e }o sjomned "

. Q, (Z)
Mg (Z) = ( )
Qolz
6
0.035%1¢ — posiion128mm |z 0.3 :
L . = B 3+ LuAG:Ce (1)
: - pOSItlon 30.0 mm - B i LUAG:Ce (2)
0.03 o —— position 50.0 mm 0.2 ~ | % LuAG:Ce (1) + coating A ——
B ~— position 70.0 mm ) B Y LYSOCe —»—%““
0 025_ ~—— position 90.0 mm —
025 - Loy = (241.99 /- 6.28) mm — /
C 017 Ly = (221.80 +/- 5.77) mm =
0.02- L L, =(184.81 +/- 4.79) mm /
B 0 [—- Lo =.(224.94 /- 5.92) mm < /
0.015 - A/
- —0.11- _./
0.01- - /
0.005- 02 /,/
L ‘ _ I | | |
D8 03 20 40 60 80 100
source position [mm]
K. Rusiecka ISMART 2018 7 of M1




Light output and energy resolution

The light output has been determined as follows:

LO= Npg The energy resolution has been determined the for
o E-C.p"ku 511 keV peak:
PDE
o
where E is an energy, n,_is number of photoelectrons ER=—2""_.100%
and C_,. is SiPMs photodetection efficiency. SiikeV
Having relative light output on both ends of the Charge spectra were corrected for the attenuation of
investigated fiber position resolution can be the scintillating light.

determined as:
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Timing resolution

 Timing resolution of the investigated scintillator results from the time difference between correlated
events being registered at both ends of the fiber.

«The T

Ocho

T, .., distribution is described by Gaussian function and timing resolution is its o.

* Only events from 511 keV peak have been taken into account in the timing resolution determination in
order to further improve this characteristics.
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Conclusions and further research

Conclusions:

* Comparison between the two scintillating fibers from the same production batch showed
no significant differences in light output, timing and energy resolution, while they differ
slightly in attenuation length

* Comparison between naked fiber and fiber coated with the Al foil showed, that coating
reduces attenuation length, but at the same time improves light output.

* From the three investigated materials LYSO:Ce shows timing properties, light output and
energy resolution which is the most suitable for future application in medical imaging

detector.

Further research: 1, — Desiion Din
esktop Digitizer

* Investigating an influence of different SiPM . CAEN DTS742

coatings, e.g. Teflon tape, white paint. Scintillating fiber |

* Replacing the lead collimator with an

‘electronic collimator’, which will result in
significant background suppression

Scintillating crystal F

* Further tests with GAGG:Ce,Mg — coupled with SiPh
mechanical polishing

TRIGGER
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Thank you for your attention

The research is founded under the DSC 2017 and DSC 2018 grant intended to finance the development of young researchers and PhD
students of the Faculty of Physics, Astronomy and Applied Computer Science. MNiSW decision number: 7150/E-338/M/2017
and 7150/E-338/M/2018.

The research has been conducted with the collaboration with C&A Corporation Japan: K. Kamada, A. Yoshikawa, Y. Shoji



	Slajd 1
	Slajd 2
	Slajd 3
	Slajd 4
	Slajd 5
	Slajd 6
	Slajd 7
	Slajd 8
	Slajd 9
	Slajd 10
	Slajd 11

