


Detectors for PE

PET is a functional imaging technique based on detection of 511 keV

o

annihilation photons following B+ decay

Requirements for PET detectors:

 High sensitivity

» Sub-mm position resolution
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Applications of LXePET

Clinical applications in oncol
‘/,/ 0 catmen

1. More accurately assess the

« Improve patient care
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e Save costs




Applications of LXePET

Pre-Clinical cancer studies

1. Receptor imaging: Investigation wi
7
significantly enhanced




LXePET

Objective: Develop a PET system that overcomes the limitations
PET systems and reduces detector contributions to PET to the le
Intrinsic limitations

» LXePET takes advantages of the
properties of liquid xenon (LXe)
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« Photons interacting with the LXe // 7 A

produce scintillation light and i m—
jonization charge @
» Simultaneous measurement of ) % .

/ @ @F Light detectors

charge and light
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Significant improvement to sp
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LXePET

Objective: Develop a PET system that overcomes the limitations
PET systems and reduces detector contributions to PET to the le
Intrinsic limitations

Photon interacts with the LXe producing:
 prompt scintillation light (~ 2ns)

» measured by light detectors
* ionization

« drifts under the applied electric field

to the anode (sub-mm res. in 3D) ® Anode Strips
= Induction wires

Anode module:
» grid of wires preceding the anode
« anode segmented into strips

perpendicular to the wires e  Light detectors
1 5
» The electron signal induced on the
wires and collected by the anode strips ®  Cathode
provides the 2D position (x-y) of the
interaction
» The z-coordinate is calcul 0

-O‘ 28
et

the drift time and the kno

_ * Compton scattering reconstruction
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LXePET Sys

12 trapezoid / :/
AX|aI Iengt {’

 Currently testing one micro-
PET sector

 Designing and building new

cryostat to house 2 or more

sectors for coincidence PET

measurements
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LXePET Performance (simulated)

e MC Simulation based on Geant4, parametrization of detector r
Compton reconstruction algorithm for event reconstruction
* Energy resolution at 511 keV = 7.5% (FWHM)
e Sensitivity at center of FOV = 15%

Energy spectrum

7.5 % FWHM

Sensitivity %
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Small Scale Prototype Tests

=

APD

Cathode

> Electrons lifetime > 100 ps (purity < 10ppb)
> Energy resolution 9% (FWHM)
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DTOTVDE
LXePET Sector P ‘rototype

« TPC 1.1l active volume

orthogonal anode strips
« 32 APDs

» Sector mounted inside 8.5l cryosts

2010 Tests

« Electron lifetime measurements with
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Initial Measurements with Cosmic Rays

APDs, Event 6572
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> Cosmic ray tracks

Anode Strips, Event 6572 |
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Electron Lifetime Measured with Cosmic Rays /

> Electrons lifetime > 70 us

Amplitude (ADC ch.)

Drift time (us)



Tests with Na-22 Source /

> 511 keV photon detected

Anode Strips, Event 609 Grid Wires, Event 609
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Schedule & Res ‘ces

Schedule 7
04/2010 — 12/2010

* Test prototype chamber 7
» Design, manufacture, and assemble c
» Design and manufacture ele

04/2010 — 3/2011
 Start coincidence test
* Perform Geant4 simulations
» Develop image recon
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LXe properties/

High ionization yield: 64000 e-/MeV at high E field Large detectable ionization signal
High light yield: 68000 photon/MeV @ E field =0 Bright scintillator
Wavelength of scintillation light = 178 nm Special photo-detectors

Radiation length for 511 keV photons~ 3cm Compact detector
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Image qu ality

e



