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Advantages of PET

¢ Measureslevel of radiotracer uptake
¢ High sengitivity to small lesions

Disadvantages of PET
¢ Poorer spatial resolution (5-8 mm)
than other anatomical imaging
techniques such as MRI (1 mm)

http://www.nucmed.buffal o.edu/
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Resolving the Spatial Resolution Problem

Lack of DOI information leads to errors in the lines of response that indicate
the original gammaray paths.

These errors significantly contribute to the degradation of the final
reconstructed PET image
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Previous DOl encoding appr oaches
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Farrell, Cirignano

“DOI accuracy of between 4 and 6.5mm”
Slverman
Grazioso, Shah, Visser, Clajus, Tumer, and Cherry,

(Diagram from Shao
2000, p. 1051).
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"ATLAS

“Advanced Technology Laboratory Animal Scanner” (NIH)

GL SO =40ns
LSO = 60ns

(Saidel, Vaguero, and Green, 2001).
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MicroPET I

No DOI capability - short crystal

(Chatziioannou, Tai, Doshi and Cherry, 2001).
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New Detector Module Design

Scintillator Crystal
25x25x3 mm®
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Basic Detector M odule Concept

Replace PM Ts with silicon pixel photodetectors

Optically couple the array on the side of the scintillator

Determine the position of gamma ray interaction (POI) in the x-y plane of the array.
Reduce the uncertainty of the POI in the z-direction

Maximise the light incident on the array.
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Potential M odule Configurations
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High spatial resolution with
medium gamma ray sensitivity

L/

High spatial resolution with i 2
high gammaray sensitivity
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Advantages of the New Detector Module

i gt 4
"

Good spatial resolution

Constant spatial resolution over the whole tomograph field of view
Reduced dead time, therefore can reduce diameter of detector ring
Improved photon counting statistics and reduce non-collinearity errors
L ower power consumption 1:2000

Standard PET
ring radius
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Light Collection Simulations

u Monte Carlo Simulations were performed by G. Takacs to:
— determine theideal crystal geometry so asto maximise the light output
— optimise detector pixel size to improve the DOl measurements.

Photons from
amma ra
interaction(s)

Photon counts

I nteraction point above the corner of four pixels
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Current status of detector module ]

New pixel detectors have been manufactured

First prototype detector module board has been designed and built in
collaboration with the HEP department, Melbourne University.

Pixel performance tests are currently under way.
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Gamma Ray Spectroscopy - L SO
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Gamma Ray Spectroscopic Details

The results for SPAD3 are some of the best ever reported for
these type of photodetectors
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SIMSET - Simulation System for Emission Tomodraphy

Ring inner diameter: 100, 120, 140 and 160 mm.
Detector material: L SO (5600 photoelectrons/511keV)

Detector type: Cylindrical.

Collimation: None.
Detector thickness: 25mm.
Axia dimension: 25 mm.
e Objects smulated
Single point sourcesin air

Single line sourcesin air
Multiple line sources in scatter material (water)

e 60 million decays per ssmulation.
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2D Detector Interaction Position
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<« 29.9%
<511keV

49.8%
Useful

50.2%
Not
Useful

Assessment of scatter eventsin theobject. =
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Conclusion

The Centre for Medical Radiation Physics has developed a new silicon
photodetector array.

The array displays good spectroscopic properties that make it suitable for use
with scintillators that have emission spectrathat peak in the blue/violet
spectral regions such as L SO.

It is planned to use the photodetectors as the basis of a new gamma ray
Imaging module.

The flexibility of the design will allow the same module to be used in a
number applications including high resolution human brain PET scanners,

scintamamography modules for early detection of breast cancer, and small
animal PET scanners for new radiotracer devel opment.
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