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Abstract—The objective of this work is to demonstrate the
Compton imaging capabilities of a novel gamma-ray Total-Energy
Detector called i-TED. The latter is intended for neutron-capture
cross-sections measurements of astrophysical interest, thereby
enhancing detection sensitivity by means of the simultaneous com-
bination of Time-of-Flight with Compton-imaging techniques. The
developed i-TED demonstrator comprises five position-sensitive
radiation detection modules of high energy resolution, which
feature an overall position-sensitive field-of-view of 125 cm2,
and thus a high efficiency. Each detector module is based on
50x50 mm2 large LaCl3(Ce) monolithic crystals optically coupled
to 8x8 pixels silicon photomultipliers. In previous works we have
investigated the attainable energy resolution (∼3.92(3)% at 662
keV) and spatial resolution (1-3 mm FWHM) for the detectors
used in i-TED. In this work we present first Compton imaging
tests carried out with i-TED and report on the interplay between
scatter-absorber distance, image resolution and efficiency. This
is an important aspect for the future implementation of i-TED
in (n, γ) cross-section measurements, where a balance between
efficiency and angular resolution has to be found, in order to
optimize measuring time and background rejection. Finally, a
discussion focused on the technique and scope of the project will
be given.

I. INTRODUCTION

W ITH the aim of demonstrating the possibility to ap-
ply Compton imaging techniques for background dis-

crimination in Time of Flight (TOF) neutron-capture mea-
surements a novel radiation detector, so-called i-TED[2],
is being developed in the framework of the ERC-funded
project HYMNS (High sensitivitY Measurements of key stellar
Nucleo-Synthesis reactions) [1]. According to MC-simulations
[2], the electronic collimation concept, at variance with me-
chanical collimation [3], is expected to provide a significant
advantage for discriminating spatially localized gamma-ray
background sources. Indeed, one of the most common sources
of background in this type of experiments is due to neutrons
that are scattered in the sample under study, and subsequently
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thermalized and captured in the walls of the experimental
hall or surrounding set-up materials [4]. Although i-TED
is designed to obtain information on the incomming γ-ray
direction, other important aspects for neutron TOF experiments
have been taken into consideration, such as the time-response,
its overall efficiency and its intrinsic sensitivity to neutrons.

Fig. 1. Photograph of one i-TED Compton module composed of one scatter
PSD and four absorber PSDs. See text for details.

Each i-TED detector is composed of two detection stages,
scatter and absorber, based on position sensitive detectors
(PSDs) made from large monolithic LaCl3(Ce) scintillation
crystals optically coupled to 8×8 pixels silicon photomulti-
pliers (SiPM). Since Compton images are obtained from the
deposited energy and the interaction positions of the incoming
gamma-ray in each detection stage, a high resolution on both
the energy and the reconstructed position are required. The
energy resolution has been studied in detail in a previous
publication [5]. In the latter work, for crystal thicknesses of
10 mm, 20 mm and 30 mm, we obtained average resolutions
of better than 4% FWHM at 662 keV using analogue readout
electronics.

Regarding the position sensitivity, a first study for the spatial
resolution yielded quite satisfactory results between 1 and 3
mm FWHM depending on the crystal thickness and algorithm
used [6], [7]. The resolution obtained for the third space
coordinate z or depth-of-interaction resolution was of about
5 mm in all cases [6]. Presently, we are investigating in more
detail the position reconstruction and some improvements with
respect to our previous work will be presented in a future
article.

Sec. II presents a concise description of the hardware used in
the development of the i-TED demonstrator. Some of the first
Compton imaging results obtained with i-TED are reported
in Sec. III, with particular emphasis on the interplay between
efficiency and angular resolution. Finally, Sec. IV summarizes
the main results and next steps of this work.
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II. MATERIALS AND METHODS

All PSDs in i-TED are based on LaCl3(Ce) monolithic
crystals with thicknesses of 10 mm and 25 mm for scatter and
absorber PSDs, respectively. Inorganic scintillation crystals are
preferred with respect to other options, due to their high energy
resolution, but also because of their intrinsic high efficiency
and good time response. In particular, LaCl3(Ce) is used
instead of LaBr3(Ce) due to the lower neutron capture cross
section of chlorine, when compared to bromine. Also with
the aim of optimizing detection efficiency four PSDs are used
in the absorber stage, as shown above in Fig. 1. All crystals
have a base surface of 50x50 mm2, and 5 of their 6 faces are
covered with reflector and encapsulated in a thin aluminum
housing. The base of the detector is coupled to a 2 mm thick
fused-silica optical window. The latter is optically coupled
to an 8x8 pixels SiPM, where every pixel consists of more
than 20000 avalanche photodiodes (APD). These APDs lack a
spectrometric response by themselves, but the response of the
sum of all of them does depend on the energy of the incident
radiation. In order to readout the large number of acquisition
channels (320 pixels) in i-TED we use multichannel scalable
frontend electronics based on application-specific integrated
circuits (ASICs)[9]. The latter provide the pixel charge (energy)
and time response, and communicate to an external PC via the
customized electronic board FEB/D-v2 made by PETsys[9].

Finally, the two detection stages of i-TED are mounted on
a micrometric positioning drive, that allows one to remotely
control the position of the absorber with respect to the scatter
plane. This permits to implement the Dynamic Electronic Col-
limation (DEC) technique [8], in order to adapt and optimize
the response of the system in terms of efficiency and resolution
to each particular measurement.

III. PRELIMINARY RESULTS

Neutron capture cross sections show a strong variation
with respect to the neutron energy (1/v dependency), which
in TOF experiments translates into a large variation of the
measured instantaneous count rate as a function of the time-
of-flight. In order to cope with this experimental effect, we
have implemented the aforementioned DEC technique in i-
TED, which provides the possibility to enhance efficiency at
the cost of image-resolution (or background rejection), and
vice-versa. The impact of the scatter-absorber distance on the
attainable angular resolution is illustrated in Fig. 2, which
shows in a colour scale the angular resolution dependency as
a function of the scatter-absorber distance (focal distance) and
the Compton angle. For this analytic calculation [8] intrinsic
spatial resolutions of 1 mm FWHM and energy resolutions of
3.5% at 662 keV were assumed. As it can be observed, short
scatter-absorber distances (0-10 mm) lead to relatively poor
resolutions but high detection efficiency (not shown in the
figure). On the other hand, large distances (30-40 mm) lead to
a large contribution of events with high angular resolution, at
the cost of detection efficiency. In future TOF experiments with
i-TED we plan to continuously vary the separation between
scatter and absorber planes in a range between approximately
10 mm and 40 mm, in order to cover all possible efficiencies

Fig. 2. Dependency of the Compton-angular resolution at 662 keV as a
function of the scatter-absorber distance. (See text and Ref. [8]).

Fig. 3. Compton image reconstructed for nine measurements taken with a
137Cs source placed at different positions at a distance of 165 mm from i-
TED (See text and Ref. [8]).

and resolutions and thus select, in the later analysis stage, the
proper distance range for each neutron energy decade.

Fig. 3 illustrates the imaging capability and the field of view
attainable with i-TED. For this image a 137Cs source with an
activity of 210.4 kBq was placed at nine different positions in a
plane at a distance of 165 mm in front of the i-TED detector. A
separation of 20 mm between scatter and absorber planes was
employed in this example. Measurement time of each position
was between 15 - 40 min taking into account the distance to the
sample. Each image was reconstructed using a plain Compton
back-projection method. More details can be found in Ref. [8].

The significance of the DEC technique can be appreciated
below in Fig. 4, where the angular resolution and detection
efficiency are shown as a function of the scatter-absorber
distance. In this case a point-like 137Cs source with an activity
of 210.4 kBq was centered with the detector and placed at



Fig. 4. Efficiency (top) and angular resolution (bottom) of i-TED for different
scatter-absorber distance.

a distance of 165 mm. The efficiency follows a decreasing
(quadratic) trend with the detector separation, while the angular
resolution decreases rather linearly. For focal distances above
df= 50 mm the angular resolution tends to a constant value,
as it was to expect from the analytic calculation (see Fig. 1).

It is important to note that the quality of the reconstructed
Compton image could be largely improved by means of
statistical algorithms like Maximum Likelihood Expectation
Maximization (MLEM)[10] or others. However, i-TED is
intended to reject neutron-induced background γ-ray events
from the surroundings and thus, an event-by-event decision
needs to be taken. Therefore, at least at this moment, the use
of statistical algorithms does not seem compatible with the
proposed background rejection approach.

IV. SUMMARY AND OUTLOOK
i-TED is a high efficiency Compton camera optimized for

the measurement of radiative neutron capture reactions using
the time-of-flight technique. In this work we have presented
some of the performance aspects of the detector, namely its
imaging capability and the possibility to adjust the balance be-
tween efficiency and angular resolution following the proposed
Dynamic Electronic Collimation concept.

Next steps in the development of i-TED comprise the
improvement of a few hardware aspects and the study and
optimization of its intrinsic sensitivity to neutrons. This is a
quantity which needs to be reduced as much as possible, in
order to avoid contaminant reactions in the detector itself.

To this aim we plan to implement 6LiH absorbers, which
are essentially transparent for gamma-rays, but effectively
absorb neutrons before they interact in the sensible detection
volume. Other aspects such as dead-time and highest count-rate
capability are also under investigation. Finally, a first physics
commissioning using a neutron beam is foreseen at the CERN
n TOF facility in late 2021.
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