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Abstract—A Compton camera system consisting of a silicon
drift detector (SDD) and an Anger camera has been constructed
to study coincidence events and the possibility of tracking a recoil
electron. An event is considered as a coincidence when a photon
emitted from a radioactive source is first Compton scattered in the
SDD where the recoil electron deposits its energy and the scattered
photon undergoes a photoelectric absorption in the NaI(Tl) crystal
of the Anger camera. The SDD is composed of a monolithic array
of 19 hexagonal cells each having an on-chip transistor which
source has been
provides the first stage amplification. 137
finely collimated in order to study events occuring at different
locations within a single cell. The equipment is designed such that
the measurements can be done in all detector orientations and
kinematical conditions. The angular and energy distribution of
coincidence events have been studied with high statistics. Energy
resolution and angle measurements performed with this detector
system will be presented in this paper.
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Index Terms—Compton camera, gamma camera, silicon drift
detector.
Fig. 1. The Compton camera test setup consisting of a silicon drift detector as
a scatter detector and an Anger camera as an absorption detector.

I. INTRODUCTION

A

COMPTON CAMERA is a promising imaging system in
various fields like nuclear medicine [1], astrophysics [2],
and industrial applications [3]. It usually consists of a scatter
detector where the Compton scattering occurs and an absorption detector where the scattered photon is absorbed. Position
and energy measurements in both detectors—with the help of
well-known Compton kinematics—are used to reconstruct the
location of the source which can lie anywhere on a surface of a
cone whose axis and opening angle are defined by these measurements.
A detector system has been constructed to study the Compton
events in a silicon drift detector [4], [5]. A silicon drift detector
(SDD) with on-chip electronics was chosen for its excellent energy resolution and high rate capability. The analog and digital
readout of the SDD [6] is achieved with a custom designed electronics. The Anger camera with its large NaI(Tl) crystal provides a large field of view for the scattered photons. Events that

are time coincident in both detectors have been analyzed further to study the energy and angular distribution. Among those
events, detailed analysis of SDD events can deliver more information about the track of the recoil electron, which deposits partial energy in several detector cells.

II. SYSTEM OVERVIEW
The detector system [7] for studying the Compton coincisource was collimated down
dences is shown in Fig. 1.
to a sub-mm scale to study events occuring at different locations of a single cell. Both detectors are located on a computercontrolled motor system in order to study different kinematical
events.
and a total effective
The SDD chip has a thickness of 300
. Each SDD cell has an hexagonal shape
area of about 95
with an active area of 5
and the distance between the centers of two contiguous cells is 2.4 mm. The readout was designed
such that the on-chip junction field-effect-transistor is followed
by another emitter follower stage in order to use a short shaping
time. The front-end electronics consists of a low-noise preamplifier followed by a fast shaper and the shaped signals are digitized at a custom-designed data acquisition system where the
operations like time stamping, peak finding, and integration are
performed and trigger logic is applied to filter the useful events
[8], [13]. An average equivalent noise charge of 40 electrons
rms (corresponding to an energy resolution of 340 eV FWHM)
with a shaping time of 100 ns [9]. The
was measured at 10

Fig. 2.

The collimator setup for the 1-Ci

Cs source.

Fig. 4. The variation of the time stamp difference between the two detectors
as a function of the drift field in the SDD.

Fig. 3. x-y scan of a single SDD cell in 400 m steps with 662 keV photons
of
Cs source.

Anger camera consists of a 3/8-in-thick NaI(Tl) crystal which
is coupled to 37 photomultiplier tubes.
placed in the main collimator is collimated
A point-like
diameter hole as
further with a lead block having a 400shown in Fig. 2. The beam spread measured at the location of the
which enables to perform measurements
SDD is only 550
by directing the beam at different positions within a single cell
of the SDD.
Fig. 3 shows the x-y scan of a single cell with 662 keV photons. The number of events was recorded for each position only
for a minute and the form of a cell is still clearly visible despite
low statistics. The accuracy of the collimation is also proven
with this result.
The difference between the time stamps of SDD and Anger
camera events has been analyzed as a function of the drift field
in the silicon detector. It was observed that it would be possible
to discriminate the events occuring in the middle of a cell from
those occuring at the edge of a cell when the drift field is much
lower than usual with the expense of the energy resolution. In
this way, it would be possible to tradeoff additional position
resolution for energy resolution with the ultimate goal being the
ability to track the recoil electron. Fig. 4 shows the variation of

Fig. 5. Time coincidence curve for the coincident events occuring in the SDD
and the Anger camera.

the mean time stamp difference as a function of a drift voltage
for the events occuring away from the anode.
III. COINCIDENCE MEASUREMENTS
The recent measurements have been performed to gather high
statistics of coincidence events for systematic analysis of the
energy and the angular distributions of these events. The first
measurements have been performed with the hole collimator
placed in front of the fine collimator. The position of the SDD
was adjusted such that the beam hits the center of a single SDD
cell. The time coincidence curve obtained using the time stamp
information from both detectors is shown in Fig. 5.
The FWHM value of the time coincidence distribution is
around 250 ns which mainly results from the drift time of
the electrons in the SDD. Although a wide region of time
coincidences are scanned, most of the events concentrate in the

Fig. 7. The energy of the recoil electron measured in the SDD as a function of
the Compton scattering angle and the distribution of the E at a fixed scattering
angle. (a) E versus Compton scattering angle. (b) Distribution of E at 20 .

Fig. 6. The energy of the recoil electron measured in the SDD as a function of
the Compton scattering angle which is calculated (a) using the energy measured
in the Anger camera and (b) coordinate measured in the Anger camera.

region where
. Leading-edge
threshold is used for these measurements and the contribution
of the time-walk to the overall timing uncertainty is around 30
ns. The events located in this region are selected for further
distribution as a function of the
analysis. Electron energy
Compton scattering angle which is calculated from the energy
with the theoretical
measured in the absorption detector
expectation curve is shown in Fig. 6(a). The distribution does
not really show a pattern similar to the theoretical curve due
to the large energy uncertainty in the Anger camera. However,
with the fine collimation of the beam which has an angular
spread of only 0.03 , we can assume that the incoming photons
are directed perpendicularly to the surface of the SDD. In this
case, the Compton scattering angle can be measured using the

coordinate information of the events occuring in both detectors.
The energy of the recoil electron measured in the SDD as a
function of the Compton scattering angle which is calculated
using the coordinate measurement in the Anger camera is
shown in Fig. 6(b). The resulting distribution is located around
the expected curve with some other events where mostly the
recoil electron is not fully captured in the SDD.
The hole collimator is removed in order to obtain higher statistics of events. Without the hole collimator, the beam spread is
around a factor of 10 larger and more SDD cells can be covered
by the beam. The Anger camera’s orientation is adjusted such
that an angular range of 10 –50 is covered for the scattered
photons leaving the first detector. The coincidence rate with
the readout of 13 SDD channels is around 9 events/10 s which
makes the collection of 1M Compton events within 2 weeks
possible. Fig. 7(a) shows the two-dimensional (2-D) histogram
plot of the distribution of the electron energy measured in the
SDD as a function of the scattering angle. The scattering angle
is calculated using the position of the coincidence events measured. The distribution of electron energy at 20 of scattering
angle is analyzed in Fig. 7(b). The uncertainty in the distribution
includes the contributions from the energy resolution, Doppler
broadening and coordinate measurements. In addition, binning
of the histogram the angular range of consideration is 20 –21 .
The tail of the distribution on the left side is due to the partial
absorption of the electron energy in the scatter detector resulting
from the escape of the recoil electron from this detector.

Fig. 8. The energy of the scattered photon measured in the Anger camera as a
function of the Compton scattering angle and E as a function of E where E
is calculated from the scattering angle. (a) E versus Compton scattering angle.
(b) E vs E .

The energy distribution of the scattered photons measured in
the Anger camera as a function of the scattering angle is shown
in Fig. 8(a). When Figs. 7(a) and 8(a) are compared, it is clear
that the energy measurement in the silicon detector provides
much more accurate result than the energy measurement in the
Anger camera, as expected. Fig. 8(a) also demonstrates the fact
that the fraction of the Compton scattering events in NaI(Tl) is
as a function of
is shown
quite high at this energy range.
Fig. 8(b) where the scattered photon energy is calculated from
the scattering angle that is determined using the coordinate
information measured in the Anger camera, rather than the energy
measured in this detector. The total mean angular resolution and
the individual contributions from the system geometry, energy
resolution of the scatter detector and the Doppler broadening
calculated theoretically for the current system are shown in
Fig. 9(a). The energy measured in the scatter detector and the
positions of the events measured in both detectors are used
for the reconstruction of the point-like source. For the image
reconstruction a newly implemented algorithm [11] which is
based on the imaginary time expectation maximization (ITEM)
algorithm [12] is used. The reconstruction is performed in two
steps.
•

Preanalysis: a so-called simple backprojection is done
with voxels that are large (instead of 1 1, it is started
with a 4
4 voxels); the obtained distribution is used
for defining different parameters required in the process
of reconstruction.

Fig. 9. Mean angular uncertainty calculated theoretically and the
reconstructed image for a point source located 120 cm away from the first
detector. The FWHM angular uncertainty calculated at this distance is within
the expectation limits. (a) Expected angular uncertainty. (b) Reconstructed
image.

•

Reconstruction: the iterative process starts with the distribution obtained in the preanalysis. A modified projection
method together with a Monte Carlo technique is used
to improve iteratively a given distribution, i.e., reconstructed image. In this way, one obtains at final iteration
the reconstructed 3-D distribution of the sources
The reconstructed image is shown in Fig. 9(b) where the FWHM
angular uncertainty corresponds to about 1.4 which is in good
agreement with the expected value of the FWHM angular
resolution of 1.3 .
IV. CONCLUSION
A Compton camera test setup has been constructed to
study coincidence events and to compare the measurements
with existing simulation results. The recent results obtained
with this system are compiled in this paper. Energy and
position measurement results presented above shows that it
is possible to reconstruct Compton events for monoenergetic
source distributions using a silicon drift detector with excellent
energy resolution and an absorption detector with reasonable
position resolution even if the scattered photon energy is only
partially absorbed. The present system can be improved by
using a stack of silicon detectors as a scatter detector [10]. Such

an improved system would have potential applications in the
fields of safety inspection, material science, portal imaging,
astrophysics, and nuclear tracer methods in biomedicine and
nuclear medicine.
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