
An inversion formula for a cone transform arising in
application of Compton cameras

Chang Yeol Jung 1 and Sunghwan Moon 1

1) Department of Mathematical Sciences, Ulsan National Institute of Science and Technology,
Ulsan 689-798, Korea

Corresponding Author : Sunghwan Moon, shmoon@unist.ac.kr

ABSTRACT
A Compton camera has been suggested for use in single photon emission computed tomography
because a conventional gamma camera has low efficiency. It brings about a cone transform,
which maps a function into the set of its surface integrals over cones determined by the detector
position, the central axis, and the opening angle of the Compton camera.

We provide inversion formulas using complete Compton data for 3 and 2-dimensional cases.
Numerical simulations are presented to demonstrate the suggested algorithms in dimension 2.

1 INTRODUCTION

Single Photon Emission Computed Tomography(SPECT) is considered a very useful
medical diagnostics tool. In particular, it can provide physiological information, while com-
mon types of tomography deliver only structural information. The gamma camera used in
SPECT is mechanically collimated, and thus it counts the particles coming from a narrow cone
of directions and discards the rest. Mechanical collimation significantly reduces the particle
count, thereby potentially eliminating any useful signal. Because of such this low efficiency
of a conventional gamma camera, a Compton camera, also called electronically collimated
γ-camera, was first introduced in [3,4] for use in SPECT.

One of main goals of a Compton camera is finding the distribution of the radiation source.
A typical Compton camera consists of two planar detectors: a scatter detector and an absorption
detector, positioned one behind the other. A photon emitted from the source in the direction
of the camera undergoes Compton scattering in the scatter detector positioned ahead, and is
absorbed in the absorption detector.

In each detector, the position of the hit and energy of the photon are measured. The scatter-
ing angle ψ can be computed by

cosψ = 1− mc2∆E

(E −∆E)E
,

where m is the mass of the electron, c is the speed of light, E is the initial gamma-ray energy,
and ∆E is the energy transferred to the electron in the scattering process [1,2]. When two
photons originated in different points of the source hit the same detectors, the scattering angles
two photons have are different because of their mass, speed, and energy. The direction β is
given by a difference vector between two device positions. For convenience, we assume β is



normalized, i.e., an unit vector. Therefore, we get the integral of the distribution of the radiation
source over cones with a central axis β, a vertex u at the position of a scatter detector and a
scattering angle ψ. We thus reserve the name cone transform for the surface integral of a source
distribution over this family of cones.
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