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MotivationMotivation
Compton cameras [1] have the potential to find application in various fields including gamma ray astronomy, industrial imaging, homeland security and medical imaging. This 
research is concerned with the medical imaging aspect, to develop SPECT (Single Photon Emission Computed Tomography). Currently this technique uses a mechanical 
collimator to localise the whereabouts of a radiation source within a patient.  Limitations in this method results in increased time to perform a scan (due to loss of sensitivity with 
the presence of a mechanical collimator and the need for 3600 rotation about the patient to produce a 3D image. The rotation can also lead to blurring in the final image due to 
rotation orbit misalignments).

Compton Camera PrincipleCompton Camera Principle
The Compton camera uses the kinematics of Compton scattering [2] to produce a source image 
without the use of a mechanical collimator. A Compton camera consists of two or more position 
and energy sensitive detectors. Consider a photon with energy E0, incident on a scatter detector. 
This will scatter through the scatter detector depositing some energy, E1, and be absorbed in the 
analyser detector, depositing the remainder of its energy, E2, (so, E0=E1+E2). Applying the 
Compton scattering formula to the energies, together with the interaction positions, a cone can be 
constructed, as illustrated in figure 1. The possible sites of origin of that particular gamma ray lie 
on the perimeter of the base of the cone. Images are created by overlapping cones from many 
interactions.
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High Purity Germanium Segmented Planar Detectors High Purity Germanium Segmented Planar Detectors -- SmartPETSmartPET
The Compton camera discussed in this work uses two SmartPET detectors (figure 6) 
manufactured by Ortec. Each SmartPET is a germanium (Ge) detector consisting of a 
single planar HPGe crystal. Both faces (AC & DC) are electrically segmented into 12 
strips, with a strip pitch of 5mm. The strips on the AC face are orthogonal to the strips on 
the DC face, giving rise to 5x5x20mm voxels. The total active volume of the crystal is 60 
x 60 x 20mm. Figure 3 highlights the improvement in resolution of Germanium detectors 
over that of Sodium Iodide detectors (NaI) currently used in SPECT. 
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ExperimentExperiment
The measurements were taken using a 
128Eu source which emits photons of 
several different energies. The source 
was moved through the angles 00, 150, 
300, 450 & 600 (using the turntable shown 
in figure 6) with respect to the detectors. 
The source to detector distance was 
constant and the detector separation 
variable. Reconstructions have been 
shown for all five angles and a detector 
separation of 3cm (figure 7). 

Image ReconstructionImage Reconstruction
The initial data taken has been reconstructed by J.Gillam(3) [4]. Figure 9 shows 
3D reconstructions together with associated 2D images. The reconstructions 
are for all the measured angles with the source to scatter detector distance 6cm 
and the detector separation 3cm. Ongoing research aims to improve position 
sensitivity further through pulse shape analysis, allowing the effect of the 
position sensitivity  on the final image to be quantified.

Angular uncertainty for differing detector 
materials
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Energy ResolutionEnergy Resolution
The energy deposited in the scatter detector from scattered photon 
is used to calculate the angle of the reconstructed cones axis. Poor 
energy resolution gives a larger uncertainty in the angle of the
cone, leading to a larger uncertainty in the position of the cone 
base. This ultimately results in blurring of the final reconstructed 
image. Figure 2 shows the relation of the scatter angle uncertainty 
(∆θ) to the scattered angle for different scatter materials. The 
superior energy resolution of germanium results in a lower angular 
uncertainty justifying its selection as the detector material used in 
this research. 

Position SensitivityPosition Sensitivity
Position sensitivity of the interactions is responsible for determining the cone axis, about which the 
cone angle is situated. The segmentation of the detectors allows the interaction position to be 
determined within a 5x5x20mm voxel, however pulse shape analysis [3] has been used to increase the 
lateral sensitivity to 1mm. The time taken for  a pulse to be collected by the detector contacts varies as 
a function of depth. It is this observation that will be investigated to increase the position sensitivity 
through depth, with the aim of localizing the interaction to within a 1x1x1mm voxel, increasing the 
accuracy of the cone axis position.

Compton Scatter FormulaCompton Scatter Formula

Why Position & Energy sensitive detectors?Why Position & Energy sensitive detectors? Figure 1 :  Diagram representing cone 
creation from a scatter and 
subsequent absorption of a γ photon
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Figure 2: relation of the scatter angle 
uncertainty (∆θ) to the scattered 
angle for different scatter materials

Figure 3: Spectrum contrasting photopeak  
resolutions of Germanium (Ge) & Sodium Iodide 
(NaI) detectors 

Figure 4: Graph showing differing risetimes for interactions from various depths Figure 5: Mean risetimes vs depth for a centre voxel in the detector. Using 
the different responses of the AC & DC contacts shows the possibility of 
1mm sensitivity through depth

Figure 6: Experimental setup. 128Eu source mounted on 
a turntable in front of two SmartPET planar detectors.

Figure 9: 2D & 3D reconstructions of the 128Eu point source. The 2D images show the source localised in 
the x, y plane, the bases of the many cones used overlapping at the source origin. The 3D images 
represent the same data with the source position localised in the x, y and z planes.
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