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J-PET — (Time-Of-Flight) TOF-PET system
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Principle of position reconstruction
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Calibration of TOF-PET systems -
established methods

Large phantom: | Electronics | Electronics T J /frileciropi\cs K
Needs additional measurement,
with large phantom
to cover many LORs
| Electronics |

Electronics |

k\\l

Reference rotating system:
Needs additional measurement,
that scans over all detectors

‘ Electronics ‘ | Electronics Electronics

Xiaoli Li et al., IEEE Transactions on Nuclear Science 63, 3 (2016 )
W. W. Moses and C. J. Thompson, IEEE Transactions on Nuclear Science 53, 5 (2006)

M. Skurzok et al., Acta Phys. Polon. A 132, 5 (2017)




Calibration of TOF-PET systems -
established methods

Rotating radioactive rod:
Needs additional measurement,
that scans over all LORs

A. E. Perkins, M. Werner, et al., IEEE Nucl. Sci. Symp. Conf. Rec., pp. 2488-2491, 2005




Performed measurement

22Na source (1 MBq acitivity) in Kapton foil
was placed between two layers of XAD4!
(porous polymer) and inserted inside
aluminum chamber. Chamber was placed
inside J-PET, in the center of the detector.
Measurement done to study Positronium
Annihilation in XAD4.

Calibration measurement details:
* Fixed source in the center
e Calibration based on

prompt + annihilation quanta

Lhttps://www.sigmaaldrich.com/content/dam/sigma-aldrich/docs/Sigma/Product_Information_Sheet/1/xad4pis.pdf
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Calibration procedure
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Calibration of a single module of J-PET

TimeA

Perfect situation:
- Perfect time resolution
- Uniform irradiation of the strip

— =

Rectangular distribution of Time differences

TDIffBA = TimeA - TimeB




Calibration of a single module of J-PET
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Calibration of a single module of J-PET
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these edges as the
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Calibration of a single module
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Intermediate status

Each module working in their own domain All modules working in one domain

— Global time —_— Global time




2’Na decay + Positronium
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2’Na decay + Positronium

made for 22Na

- source in Kapton

g foil with XADA4.
Time of annihilation '
\ - T Mean Lifetime of
Anni mmwm tronium i

Positronium in
_z'm' 380 Sio0 so0 o 50 100 150 200 XAD4 =90 ns

Time difference [ns]

Counts

L=
]

- Calibration scan

Time of deexcitation
=T

veex Estimate of the lifetime of positronium

Time difference=T._ . -T

anni Deex




2’Na decay + Positronium
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Correction on Time-of-Flight (TOF)

( \ J 3layer
Condition tf) fu.lflllz ( R\ §  2layer
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R; \\\Rs
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Calibration between modules
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Calibration between modules

Scintillator ID with Annihilation Hit
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Calibration

netween modules

SOCTLLLLITT

For example:
Annihilation gamma quantum hit scintillator
with ID =125

Deexcitation gamma quantum hit scintillator
with ID =75

Then the time difference = Time_,,
goes to two different histograms
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Calibration between modules
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Calibration between modules
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Calibration between modules

For one given ID of the scintillator we will have two histograms for consideration
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Calibration between modules

For one given ID of the scintillator we will have two histograms for consideration
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Calibration between modules

For one given ID of the scintillator we will have two histograms for consideration

If there is |
some e LI
miscalibratiV o
spectra s
s will be shifted - s
L -
- .‘ .. ) " .. :
T ve o 3 . . . . T °*¢ e &
5 *2, &+ & (calibConstant,, — MeanCalibConstant) (MeanCalibConstant - CalibConstant, ), SR RANC
Y, “et, o & T Y, o0, ot &
0‘. Celangustet ". . . ", *elnganntst ,”
‘a,, "TEEST = (CalibConstant;, — MeanCalibConstant) ", ~*®wws® (o
pLL TP g pLT Tt L
For given Annihilation ID: For given Deexcitation ID:

(Time,,,; + CalibConstant,p) — (Timep,,, + MeanCalibConstant) = Time difference =(Time,,,; + MeanCalibConstant) — (Time,,,, + CalibConstanty)




Calibration between modules

For one given ID of the scintillator we will have two histograms for consideration
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Calibration between modules

For one given ID of the scintillator we will have two histograms for consideration
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Calibration between modules

Before Calibration (0 iteration) After Calibration (3™ iteration)
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Conclusions

New lterative Time Calibration procedure was developed for the J-PET. As a first
calibration method of TOF-PET systems, it uses point-like source that emits prompt
gamma quantum for calibration. Calibration was performed for %?Na source in
Kapton foil with XAD4 (porous polymer) around it.

Compared to other methods, there is no need to mount complicated setup for
calibration in TOF-PET detector. Every possible pair of detector is calibrated at

once.

Additionally, because the measure of the miscalibration is the difference in the
positions of the maxima, calibration does not depend much on the material that is

around radioactive source.
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Calibration between modules

Before Calibration (0 iteration) After Calibration (3™ iteration)




Calibration between modules

Uncertainity calculation:

Maximum calculated from the liear fit: y=A'x+B

So X, = -B/A

2 N2
X, Error: dxg, = \/ (%B) + (BACiA)




Counts

Calibration between modules
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Velocity calibration

Path that light needs to travel

Right Edge — Left Edge =

\ Gamma quanta

Time difference BA =

Path that light needs to travel

Velocity of light in scintillator
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Velocity calibration

Assuming that Effective Length (later explanation) =50 cm
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Velocity calibration

Assuming that Effective Length (later explanation) = 50 cm
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Calibration between modules

Before Calibration (0 iteration) After Calibration (3™ iteration)
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Calibration between modules

Before Calibration (0 iteration) After Calibration (3™ iteration)
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Calibration between modules

Before Calibration (0 iteration) After Calibration (3™ iteration)
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Calibration between modules

Before Calibration (0 iteration) After Calibration (3™ iteration)
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Effective Length studies

Calibration constant depends on chosen Effective Length, because:

 Effective Length used for calculation of the Z position of registered gamma quantum

* Time of the Hits used for Calibration, are corrected on TOF -> substracting the path before
deposition of Energy (path depends on the 7)

For different assumed Effective Length the same calibration procedure was applied, to check how
calibration constants changes with the change of Effective Length.

Calibration constants for Effective Length = 50 cm chosen as reference

Velocity of light in scintillator = Effective Length
* (Right Edge — Left Edge ) Z position of Hit = Velocity of light in scintillator * (TimeB — TimeA)/2




Effective Length studies
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Effective Length studies
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Effective Length studies
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Example for problematic scintillator
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Different methods of determinig middle
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Comparison of mean width of TDiffAB
distribution
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Calibration between modules

Before Calibration (0 iteration)

Thr1 substraction
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After Calibration (3™ iteration)
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Calibration between modules

Before Calibration (0 iteration) After Calibration (3™ iteration)
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