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Abstract

A new method for measuring (n,γ) cross sections aiming at enhanced signal-to-background ratio is presented. This
new approach is based on the combination of the pulse-height weighting technique with a total energy detection
system that features γ-ray imaging capability (i-TED). The latter allows one to exploit Compton imaging techniques
to discriminate between true capture γ-rays arising from the sample under study and background γ-rays coming
from contaminant neutron (prompt or delayed) captures in the surrounding environment. A general proof-of-concept
detection system for this application is presented in this article together with a description of the imaging method and
a conceptual demonstration based on Monte Carlo simulations.

Key words: radiative neutron capture, neutron time-of-flight, cross section, pulse-height weighting technique,
Compton imaging

1. Introduction

The two most common methods for measuring (n,γ)
cross sections as a function of the neutron time-of-
flight (neutron energy equivalent) employ either a high-
efficiency total absorption calorimeter (TAC) [1, 2, 3]
or a low efficiency setup of C6D6 total energy detec-
tors (TED) [4, 5, 6, 7]. With either type of detec-
tion system, only the deposited energy (and multiplic-
ity in the case of TAC) of the incoming radiation can
be measured, which implies that background rejection
and hence, the optimization of the peak-to-background
ratio, has to rely on appropriate selections or software-
cuts of those quantities.

A new detection system is proposed in the present
article, which allows one to implement a further level
of background rejection based on the spatial origin (or
incoming direction) of the measured γ-rays. To this
aim, the low neutron sensitivity C6D6 TEDs commonly
used in combination with the Pulse-Height Weighting
Technique (PHWT) are replaced by high resolution po-
sition and energy sensitive radiation detectors consisting
of two detection stages. Operated in time-coincidence,
they allow one to apply the Compton principle in order
to obtain also information on the incoming radiation di-
rection [8]. Thus, it becomes possible to disentangle
whether the registered radiation stems from the capture-
sample under study, which may indicate a true capture
event, or if it comes from the surrounding environment,

which would rather reflect a background event. The
high energy resolution required for the proposed i-TED
detection system also implies a superior performance
for treating other background sources, such as intrinsic
sample radioactivity, when compared to conventional
BaF2 TAC or C6D6 detectors. One limitation of the pro-
posed i-TED system is the attainable efficiency, which
is about a factor of 3-4 lower than with existing C6D6
TED-detectors. This can be compensated to some ex-
tent by arranging four Compton modules in a compact
geometry around the sample under study.

A conceptual description of i-TED is given in Sec. 2.
The performance of the proposed system for (n, γ) mea-
surements under severe background conditions is in-
vestigated here by means of Monte Carlo simulations.
Sec. 3 describes the capability of i-TED for disentan-
gling spatially localized background sources. The in-
trinsic neutron sensitivity of i-TED is reported in Sec. 4.
The low detection efficiency of the proposed detection
system implies that it has to be used in conjunction with
the PHWT in order to make the capture detection prob-
ability independent of the particular decay path. The
applicability of the PHWT to the proposed i-TED con-
cept is reported in Sec. 6. A summary and outlook of
the present work is presented in Sec.7.
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2. i-TED conceptual design

For the design of a detection system suitable for (n,γ)
cross section measurements one has to take into account
the neutron induced γ-ray background characteristic of
this kind of experiment. Typically the overall neutron-
induced γ-ray background has two components, which
can be classified as i) intrinsic neutron sensitivity of the
detection apparatus itself, which originates from neu-
trons scattered in the sample and captured prompt in
the sensitive detection volume or in the detector struc-
tural materials, and ii) the extrinsic neutron sensitiv-
ity caused by stray neutrons that have been scattered
in the sample and which are captured (normally af-
ter thermalization) in the surrounding structural mate-
rials like the concrete walls of the experimental hall.
Each one of these background components has a dif-
ferent signature in the measured capture yield. The in-
trinsic neutron sensitivity of the apparatus is of con-
cern mainly for the measurement of resonances where
the neutron elastic scattering width is much larger than
the capture channel. In those cases, a large intrinsic
neutron sensitivity of the aparatus induces a strongly
time of flight (TOF) dependent background which, if
not properly corrected, can lead to an overestimated
capture kernel or cross section for that particular res-
onance. On the other hand, the neutron-thermalisation
involved in the extrinsic neutron-sensitivity component
leads to a background contribution, which is rather
smooth in TOF. This has been nicely illustrated in a re-
cent study [9], where these two background components
have been quantified by means of both systematic MC-
simulations and dedicated measurements. The results
indicate that using either C-fibre optimized or commer-
cially (optimized) C6D6 detectors, the overall neutron-
induced background over most of the primary neutron
energy range (1eV-1MeV) is dominated by the extrinsic
neutron sensitivity component of the facility (see Fig.6
and Fig.10 in Ref. [9]). Although the latter study [9]
was made for the CERN n TOF facility, a compara-
ble situation may be encountered at other TOF facili-
ties [2, 7], where the instrumentation and experimental
hall are also similar.

The method pursued in this work to provide a fur-
ther level of background rejection is based on the im-
plementation of radiation detectors with imaging capa-
bility, that enable the distinction between γ-rays aris-
ing from the capture-sample (true capture events) and
γ-rays arising from elsewhere (background events).

There exist several ways to implement γ-ray imag-
ing. One option could be to deploy a system based on
one or several γ-ray cameras featuring a pinhole coli-

mator [10] or a coded-mask colimator [11]. The main
drawback of this approach is related to the very low de-
tection efficiency and the use of massive collimators,
which would induce a prohibitive intrinsic neutron sen-
sitivity in (n, γ) measurements. An alternative approach
is to use a system based on Compton imaging [8]; Elec-
tronic collimation allows one to enhance detection ef-
ficiency while reducing the amount of structural (dead)
materials at the same time. Thus, the approach proposed
in this work consists of Compton detection modules
based on scintillation crystals arranged in a compact
configuration and covering a large solid angle around
the capture sample. Each module consists of a first de-
tection layer (scatter detector), where the incoming ra-
diation is expected to undergo just one Compton inter-
action. The remaining energy of the incident γ-ray is
assumed to be fully deposited in a second thick detec-
tion layer (absorber detector). In order to be able to
apply the Compton scattering law reliably, a good reso-
lution both in energy and position becomes mandatory.
This can be technically accomplished by using pixe-
lated or monolithic fast scintillation-crystals with high
scintillation photon yield, such as LaBr3, LaCl3 [12]
or CeBr3 [13], coupled to thin photosensors such as ar-
rays of avalanche photodiodes (see e.g.[14, 15, 16, 17]).
The latter are also known as silicon photomultipli-
ers (SiPMs) or multi-pixel photon-counters (MPPCs).
Position-sensitive photomultiplier tubes (PS-PMTs) can
be used for the absorber detectors [18, 19], but in order
to minimize the intrinsic neutron sensitivity the much
lighter and thinner SiPM photosensors are preferred.

In order to illustrate the working principle and per-
formance let us consider an i-TED system consisting of
four (scatter) LaCl3 crystals with a thickness of 4 mm
and a square area of 5×5 cm2 surrounded by four (ab-
sorber) crystals 12 mm thick, each one with an area of
10×10 cm2. Each one of the latter position sensitive
absorber detectors can be built using four smaller de-
tectors of 5×5 cm2. In this example, the distance be-
tween scatter and absorber detectors is of 1.7 cm. This
distance defines the γ-ray efficiency of the system, but
also its angular resolution and therefore its performance
in terms of γ-ray imaging. Therefore, the optimal dis-
tance between scatter and absorber detectors needs to
be adjusted for each particular detection set-up and it
can be optimized according to the needs of each par-
ticular (n, γ) measurement, such as overall background
level and magnitude of the cross-section of interest. In
order to reduce the intrinsic neutron sensitivity of the
overall apparatus the scatter detectors are covered with
6LiH-layers (see Sec. 4). This approach is similar to the
one commonly employed to reduce the intrinsic neutron
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sensitivity of TAC-systems [20, 3]. The proposed i-TED
setup is schematically shown in Fig. 1.

Figure 1: The cylindrical capture sample of 2 cm diameter in the cen-
ter is surrounded by four thin scatter detectors and four thick absorber
detectors configuring a compact Compton total energy detector with
imaging capabilities (i-TED). The neutron beam impinges perpendic-
ular to the sample surface.

The applicability of this apparatus for the measure-
ment of (n,γ) cross sections can be evaluated in terms
of the extrinsic- and intrinsic-neutron sensitivity, which
are reported in the two following sections.

3. i-TED performance in terms of extrinsic neutron
sensitivity

MC simulations are carried out using a simplified
model for the background induced by neutrons scattered
in the sample and captured in the surrounding environ-
ment. These calculations are described in the following.

A cylindrical sample of gold, with a thickness of
1 mm and a diameter of 2 cm is used for illustration pur-
poses because gold is rather well known and commonly
used in many time-of-flight (TOF) (n,γ) experiments as
reference [21, 22, 23]. In the simulation neutrons with a
flat energy distribution in dE/E, i.e. iso-lethargic flux,
from thermal up to 1 MeV impinge on the center of
the sample. Neutron transport and all possible neutron
interactions are included (capture, thermal, elastic and
inelastic scattering and fission) using the Geant4 [24]
version (4.10.0.3) and the High-Precision neutron inter-
action libraries. Electromagnetic processes are included
by means of the Low Energy package.

In order to benchmark the performance with respect
to existing systems both the i-TED system (see Fig. 1)
and two C6D6 detectors with a volume of 1 L are simu-
lated.

The extrinsic background depends on the characteris-
tics of each particular measurement, including the cap-

Figure 2: γ-ray energy distribution implemented in the simulation for
background events.

ture sample itself, the surrounding materials and the ex-
perimental hall. In order to investigate the proposed
method from a general perspective the background con-
tribution from the extrinsic neutron sensitivity is mod-
eled in the simulation as a source of γ-rays, which are
randomly generated all over the surface of a 1 m ra-
dius sphere centered around the sample under study.
These background γ-rays are generated with isotropic
angular distribution and arbitrary multiplicity of 100
gamma-quanta per each neutron impinging on the sam-
ple. The energy distribution and intensity of the back-
ground varies from one facility to another, and for each
particular sample under study. In the present study, just
for illustration purposes, the energy distribution of the
gamma-background included in the simulation corre-
sponds to a measurement made at CERN n TOF [25]
with one BaF2 detector, and is shown in Fig. 2.

Thus, the two main γ-ray sources accounted for in
the simulation are γ-rays originated by neutron capture
in the gold sample and background radiation emitted
around the detection system according to the aforemen-
tioned background generation model. The Monte Carlo
simulation of neutrons is a CPU very demanding task.
For this study 1×107 neutrons impinging on the gold
sample are simulated for each detection setup. The ob-
tained Au(n, γ) capture yield as a function of the inci-
dent neutron energy is shown in Fig. 3 for the two sim-
ulated set-ups, C6D6 and i-TED. Because the aim is to
show the performance in terms of peak-to-background
(signal-to-background) ratio, both spectra are normal-
ized to the top of the 4.9 eV resonance. However, it
is worth mentioning that the detection efficiency of the
i-TED system is about a factor of four lower than that
of the C6D6 detectors. A detailed comparison in terms
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of detection efficiency is provided in Section 6.2. The
blue curve in Fig. 3 shows the capture yield for the
two C6D6 detectors including only an electronic thresh-
old of 150 keV. The background level is largest in this
case, which ultimately prevents the detection of weak
resonances such as the one at 46 eV in 197Au+n. The
proposed i-TED detection system, also with a threshold
of 150 keV, shows a superior performance in signal-to-
background ratio when a cut in angle is applied to select
γ-rays coming from the sample direction (red curve).
The analysis methodology implemented for the i-TED
simulated capture data is described below in Sec. 5. Us-
ing the ratio of the yield at 4.9 eV (peak) and at 20 eV
(valley), an improvement of a factor ∼10 is obtained us-
ing i-TED with respect to the C6D6 detection system.

Figure 3: Simulated capture yield for a 1 mm thick gold sample
normalized at the 4.9 eV resonance. See text for details.

4. i-TED performance in terms of intrinsic neutron
sensitivity

C6D6 is the most common liquid scintillation mate-
rial employed for (n,γ) measurements using the PHWT
due to the very low neutron capture cross section of car-
bon and deuterium, which directly lead to a very low
intrinsic neutron sensitivity. Thus, when replacing the
sensitive detection volume by another material, espe-
cially with an inorganic crystal, the first concern is ob-
viously in terms of intrinsic neutron sensitivity. The
neutron capture and scattering cross sections of both
lanthanum and chlorine are much larger than those of
carbon and deuterium. However, using the proposed
method, the probability that a contaminant neutron cap-
ture event in the detector mimics a good Compton event
compatible with a γ-ray coming from the sample posi-
tion is very low. In order to demonstrate this, a simula-
tion has been carried out using a carbon sample with a

thickness of 1 cm. An optimised version of the C-fibre
C6D6 detectors [26] was included in the simulation in
order to account for the effect of dead materials in state-
of-the-art detectors. No surrounding background events
(e.g. neutron capture in the concrete walls of the experi-
mental hall) have been included in order to illustrate bet-
ter the impact of the intrinsic neutron sensitivity itself.
Given the small neutron sensitivity of both C-fibre C6D6
and i-TED it was necessary to generate 1×109 neutron
events in order to achieve sufficient counting statistics
over the full neutron energy range. The simulated spec-
tra of detected γ-rays as a function of the neutron en-
ergy for both C6D6 and i-TED detectors are shown in
Fig. 4. The rather smooth trend of these spectra reflects
mainly neutron scattering events in the carbon sample,
which are subsequently captured in the detection vol-
ume (C6D6 or LaCl3 ) or in the detector structural de-
tector materials.

Figure 4: Simulated detection gamma-yield for 1 cm thick C-sample
using a set-up of two C-fibre optimized C6D6 detectors (black), i-TED
without LiH-layers (blue) and i-TED with LiH-layers (red).

The 6LiH layers have a twofold impact in reducing
the intrinsic neutron sensitivity of i-TED. On one hand,
they produce a moderation and absorption of the neu-
trons scattered in the C-sample, in a similar fashion as
it happens in measurements with TACs [20, 3]. On the
other hand, the 6LiH layers produce a defocussing effect
in the spatial distribution of the neutron source (origi-
nally confined to the sample volume), which in combi-
nation with the aforedescribed imaging algorithm helps
to further suppress the contribution of contaminant neu-
tron capture events in the detection set-up.

In summary, it can be concluded that the background
induced in i-TED due to scattered neutrons which are
captured in the detector itself is a factor of five to ten
lower than for state-of-the-art C6D6 detectors in the en-
ergy range between 1 eV and several hundreds of keV.
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5. Compton imaging analysis method

At variance with other Compton camera applica-
tions [27, 28] the prompt γ-ray cascades following neu-
tron capture events show a rather broad energy spec-
trum. One possibility for background rejection would
be to implement a tomographic algorithm (see e.g.
Ref. [29]), which takes into account the different γ-ray
spectra between neutron capture events in the sample
and neutron-induced γ-ray backgrounds from the sur-
roundings. Also very promising energy-imaging spec-
tral deconvolution algorithms have been developed re-
cently [30, 31]. However, in this first demonstration
stage, a more simple approach is followed using an an-
alytic back-projection method [32] in combination with
the fact, that the geometry of the set-up (sample posi-
tion, size and distance to the i-TED detector) is known
by construction. Thus, the compatibility of the mea-
sured energy and positions in scatter and absorber detec-
tors is checked on an event-by-event basis for the sam-
ple position using the Compton formula and the afore-
mentioned geometry constraints. The equation describ-
ing the intersection of the Compton cone with the sam-
ple is given by

(
nx(xs − ax) + ny(ys − ay) + nz(zs − az)

)2
=

cos2 θ
(
(xs − ax)2 + (ys − ay)2 + (zs − az)2), (1)

where ns are the components of a unit vector along
the cone axis (the vector between the first and second in-
teractions), as are the coordinates of the first interaction
in the scatter detector, (xs, ys, zs) is the position of the
sample (true capture γ-ray source) and θ is the Comp-
ton scattering angle. The latter can be determined from
the energy deposited in scatter and absorber detectors
by applying the Compton formula,

cos θ = 1 +
511
Eg
−

511
E2

, (2)

where Eg is the energy of the incident γ-ray, which
is assumed to correspond to the sum of the energy in
scatter E1 and absorber detector E2.

Thus, in order to check the compatibility of the mea-
sured radiation with the sample position, the quantity

λ =
(
nxax + nyay + nzaz

)2
−

(1 + 511/(E1 + E2) − 511/E2)2(a2
x + a2

y + a2
z
)
,

(3)

can be employed. The sample position defines the
origin of the coordinates system, i.e. (xs, ys, zs) =

(0, 0, 0). The λ distribution obtained for the MC simula-
tion described in the previous section is shown in Fig. 5.

Low λ values correspond to detected γ-rays which ful-
fill the intersection condition (eq. 1) and, therefore, have
a high probability to arise from the capture sample (true
capture events). On the other hand, large λ values
correspond to events in which the Compton cone does
not overlap with the sample, and thus rather indicate a
background event probably induced from contaminant
neutron captures in the surrounding materials or walls.
Applying a selection or cut to choose low λ values one

Figure 5: λ-distribution for applying a cut in space-domain.

can effectively reject many γ-rays which impinge on the
system from the surrounding (background events). A
cut in λ ≤ 90 gives the red yield-curve (labeled as i-
TED) in Fig. 3. A more stringent background rejection
could be achieved by using a lower λ-cut at the cost of
statistics.

6. Applicability of the PHWT to i-TED

Because the γ-ray detection efficiency is small, the
PHWT [5] needs to be applied to the measured response
function in order to make the capture-cascade detection
efficiency independent of the actual decay path. The
PHWT is based on the two assumptions of i) low γ-ray
detection efficiency, and ii) γ-ray detection probability
proportional to the γ-ray energy. Provided that these
two conditions are well fulfilled, the probability to reg-
ister a neutron capture event, εc, becomes proportional
to the total capture-cascade energy Ec, which is a con-
stant value, and thus it does not depend any more on the
particular γ-ray detected,

εc = 1 −
m∏

j=1

(1 − εγ, j)
i)
'

m∑
j=1

εγ, j
ii)
' αEc. (4)

Low efficiency is mandatory to ensure that at most
one γ-ray is registered from every capture cascade with
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arbitrary multiplicity m . This condition allows for
the first approximation i), which is generally well ful-
filled using low efficiency C6D6 detectors, an statement
which also applies for the proposed i-TED system (see
Sec. 6.2). The proportionality condition ii) is, in gen-
eral, not directly fulfilled by any existing radiation de-
tector. However, it can be achieved to a high-level of ac-
curacy by means of a software modification of the detec-
tor response function R(E). As reported in e.g.[6, 7], one
can determine an energy-dependent weighting-function
W(E), such that the weighted sum of the response func-
tion for a γ-ray j, Ri, j, becomes proportional to its en-
ergy Eγ, j, ∑

i

WiRi, j = αEγ, j. (5)

The common approach to determine the weighting
function is based on Monte Carlo simulations of the de-
tection system response for a series of γ-ray energies in
the energy-range of interest, i.e. from few keV up to
the neutron capture energy Ec of the isotope of interest.
Typically the weighting-function is well approximated
by a 4- or 5-degree polynomial, Wi =

∑4,5
k=0 akEk

i . The
values of the polynomial coefficients ak can be derived
from a least-squares minimization,

min
∑

j

∑
i

akEk
i Ri, j − Eγ j

2

. (6)

For the present study 25 γ-ray energies in the range
from 100 keV up to 8.5 MeV were simulated for both
C6D6 and i-TED detection systems. These response
functions have been convoluted by the typical instru-
mental resolution at 662 keV of 20% for the liquid C6D6
detectors and 4% for the inorganic LaBr3 scintillators.
The simulated and convoluted response functions are
displayed in Fig. 6. Since the weighting function cal-
culated for i-TED is going to be applied to the raw
data processed with the back-projection cut described
in Sec. 5, the response functions shown in Fig. 6-Right
include also the λ ≤ 90 selection.

After implementing a software algorithm which per-
forms the minimization described by eq. (6) one obtains
the weighting functions shown in Fig. 7 for both detec-
tion systems.

In the case of the simpler response function of the
C6D6 detectors, characterized by the Compton contin-
uum, a 5-degree polynomial was sufficient to fulfill the
proportionality condition (eq.5). On the other hand, a
7-degree polynomial is needed for the i-TED weighting
function in order to fulfill the proportionality condition
with a similar level of precision. This is expected also

Figure 6: Response functions (5 keV/bin) for 25 γ-ray energies from
100 keV to 8.5 MeV for the two C6D6 detectors (top) and for the
i-TED (1 keV/bin) system (bottom).

Figure 7: Weighting functions obtained for the C6D6 detection sys-
tem (top) and for i-TED (bottom).
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from the contribution of both Compton and full-energy
events to the response function of inorganic scintillation
detectors. After applying the calculated WFs (Fig. 7)
to the simulated responses (Fig. 6) both weighting func-
tions perform similarly well. This is demonstrated in
Fig. 8, which shows the weighted response function as
a function of the γ-ray energy.

Figure 8: Integral of the weighted response as a function of the sim-
ulated γ-ray energy for the C6D6 detectors (top) and for the i-TED
system (bottom). The solid red line shows the behavior of an ideal
total-energy detector with a perfect proportionality between efficiency
and energy.

In order to estimate the systematic uncertainty con-
tribution of the calculated weighting functions in a real
neutron capture experiment, a computational approach
similar to the one described in Ref.[6] has been applied.
To this aim, 1 × 106 neutron capture events in gold
are simulated with isotropic emission of all the gamma-
quanta in each cascade. Unfortunately, the Geant4 code
(version 4.10) used for these calculations does not con-
serve the total energy in the generation of radiative cap-
ture cascades. Therefore, a simplified external event
generator [33] had to be used for this purpose. The en-
ergy and multiplicity distribution of the simulated cap-
ture cascades in the gold sample are shown in Fig. 9.

The raw Ri,c and weighted WiRi,c response functions
obtained for the simulation of 1×106 capture events in

Figure 9: (Top panel) The spectrum (solid blue line) shows the energy
distribution of the γ-rays emitted after neutron capture in gold. The
dashed line at 6.512 MeV shows the total cascade energy recorded for
the 1× 106 events simulated. (Bottom panel) Multiplicity distribution
of the simulated gamma-quanta.

Figure 10: Raw (top) and weighted (bottom) response functions for
neutron capture events in gold using the C6D6 detection system (left)
and i-TED (right).

Table 1: Weighted sum of the response functions for neutron capture
events in gold (2nd column) and weighted sum normalized to the num-
ber of simulated capture events times the capture energy Ec = 6.512
MeV (3rd column). The last 4th column shows the systematic devia-
tion with respect to the ideal case.

Detection Sys.
system

∑
i WiRi,c

∑
i WiRi,c/(NevEc) deviation

2× C6D6 6.389(6)×109 0.9812(9) 1.9%
i-TED 6.36(2)×109 0.977(3) 2.3%
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gold are shown in Fig. 10. The relevant information,
however, is given in table 1 which reports the integrated
value of the weighed response function for both detec-
tion systems. Deviations of around 2% are found in both
cases, which demonstrate that the PHWT can be applied
to both types of detection systems with similar level of
accuracy.

6.1. Weighted capture yields

As discussed above, in order to determine the neu-
tron capture cross section the raw capture yield has to
be weighted with the corresponding weighting function
to make it independent of the particular cascade path
or registered energies. After implementing the weight-
ing functions calculated in the preceding section to the
raw-capture yield simulated for the gold sample (see
Fig. 3) one obtains the weighted capture yield shown
in Fig. 11. Applying the same figure of merit as be-

Figure 11: Simulated capture yield as a function of the neutron en-
ergy for both detection systems C6D6 and i-TED. The weighting func-
tions applied are those reported in Sec. 6.

fore, i.e., comparing the capture yield at the top of the
4.9 eV resonance (peak) to the value at 20 eV (valley)
one obtains an improvement in peak-to-background ra-
tio, which ranges between a factor of 12 to 15 in favor
of i-TED with respect to the C6D6 detectors.

6.2. Efficiency

The γ-ray detection efficiency for i-TED is presented
in Fig. 12 as a function of the γ-ray energy. This ef-
ficiency includes a low-energy detection threshold of
150 keV. For the sake of comparison, the same diagram
is also shown for the conventional C6D6 detectors. For
the presented i-TED configuration, at low γ-ray energy
the efficiency almost reaches 2% at 500 keV. With the
two C6D6 detectors the efficiency is of 8% at 1 MeV, a

Figure 12: γ-ray detection efficiency as a function of the γ-ray energy
for the system of two C6D6 detectors (left) and i-TED (right).

factor of four more than with i-TED. One possibility to
enhance detection efficiency in i-TED is to reduce the
distance between scatter- and absorber-detectors. This
procedure, however, leads to a decrease of the angu-
lar resolution and therefore, to a worse performance in
terms of background rejection. As discussed in Sec. 2
the final i-TED configuration, and in particular the dis-
tance between scatter and absorber detectors, can be ad-
justed according to the needs of each particular mea-
surement, such as the magnitude of the cross section to
be measured, or the level of the background in the mea-
surement.

7. Summary and outlook

In view of the large neutron luminosities at present
and future neutron time-of-flight facilities, and the cor-
respondingly large neutron-induced backgrounds, par-
allel developments both in detection methods and in-
strumentation, capable to cope with the severe back-
ground conditions, are definitely needed.

This article presents a novel experimental approach to
measure radiative neutron capture cross sections, which
is aimed at enhanced detection sensitivity under severe
background conditions. The proposed detection sys-
tem is based on the use of fast inorganic scintillators
arranged in a compact Compton camera configuration
around the sample under study. Thus, it becomes pos-
sible to determine, on an event-by-event basis, a Comp-
ton cone of possible incoming directions for each reg-
istered γ-ray. Such angular information can be com-
pared with the sample geometry and position, which
are known by set-up construction. This allows one to
reject a large portion of the incoming background γ-
rays, mainly those arising from the surroundings of the
detection system. Monte Carlo simulations presented
in this work show the capability of the proposed tech-
nique for background suppression, and correspondingly
a large improvement in peak-to-background ratio when
compared to state-of-the-art C6D6 detectors.
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Future work in this research line concerns mainly two
aspects. The first one is the replacement of the simpli-
fied background model assumed in this study by a full
simulation of a neutron capture experiment, including
also neutron propagation, transport and interactions not
only in a reference capture sample, but also in the sur-
rounding materials and walls. This requires a large com-
puting infrastructure and long simulation time. Such a
MC study will be helpful in order to further optimize
the conceptual design of i-TED, namely the scatter and
absorber detector thicknesses and distances, or a range
of them. The second aspect concerns proof-of-principle
measurements, which should be ideally carried out with
a Compton γ-ray imager at a time-of-flight facility, in
order to experimentally validate the proposed technique
and to quantify its performance under real experimen-
tal conditions. First steps in this direction have been
recently carried out using a pinhole based γ-ray cam-
era [34], which already demonstrate the potential of γ-
ray imaging for background suppression in (n, γ) mea-
surements.
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Velarde, S. Andriamonje, J. Andrzejewski, P. Assimakopou-
los, L. Audouin, G. Badurek, P. Baumann, F. Bečvář,
E. Berthoumieux, F. Calviño, M. Calviani, D. Cano-Ott,
R. Capote, C. Carrapiço, P. Cennini, V. Chepel, E. Chiaveri,
N. Colonna, G. Cortes, A. Couture, J. Cox, M. Dahlfors,
S. David, I. Dillmann, C. Domingo-Pardo, W. Dridi, I. Du-
ran, C. Eleftheriadis, L. Ferrant, A. Ferrari, R. Ferreira-
Marques, K. Fujii, W. Furman, I. Goncalves, E. González-
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E. Kossionides, M. Krtička, C. Lampoudis, C. Lederer, H. Leeb,
A. Lindote, I. Lopes, M. Lozano, S. Lukic, J. Marganiec,
S. Marrone, T. Martı́nez, P. Mastinu, E. Mendoza, A. Mengoni,
P. M. Milazzo, C. Moreau, M. Mosconi, F. Neves, H. Ober-
hummer, S. O’Brien, J. Pancin, C. Papadopoulos, C. Paradela,
A. Pavlik, P. Pavlopoulos, G. Perdikakis, L. Perrot, M. T. Pigni,
R. Plag, A. Plompen, A. Plukis, A. Poch, J. Praena, C. Pre-
tel, J. Quesada, T. Rauscher, R. Reifarth, M. Rosetti, C. Rub-
bia, G. Rudolf, P. Rullhusen, L. Sarchiapone, R. Sarmento,
I. Savvidis, C. Stephan, G. Tagliente, J. L. Tain, L. Tassan-
Got, L. Tavora, R. Terlizzi, P. Vaz, A. Ventura, D. Villamarin,
V. Vlachoudis, R. Vlastou, F. Voss, S. Walter, M. Wiescher, and
K. Wisshak. Au197(n,γ) cross section in the resonance region.
Physics Review C, 81(4):044616, April 2010.

[22] C. Lederer, N. Colonna, I. Dillmann, C. Domingo-Pardo,
U. Giesen, F. Gunsing, M. Heil, F. Käppeler, C. Massimi,
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C. Langer, E. Leal-Cidoncha, C. Lederer, H. Leeb, L. S. Leong,
R. Losito, A. Manousos, J. Marganiec, T. Martı́nez, C. Mas-
simi, P. F. Mastinu, M. Mastromarco, M. Meaze, E. Mendoza,
A. Mengoni, P. M. Milazzo, F. Mingrone, M. Mirea, W. Mon-
dalaers, T. Papaevangelou, C. Paradela, A. Pavlik, J. Perkowski,
A. Plompen, J. Praena, J. M. Quesada, T. Rauscher, R. Rei-
farth, A. Riego, F. Roman, C. Rubbia, M. Sabate-Gilarte, R. Sar-
mento, A. Saxena, P. Schillebeeckx, S. Schmidt, D. Schumann,
P. Steinegger, G. Tagliente, J. L. Tain, D. Tarrı́o, L. Tassan-Got,
S. Valenta, G. Vannini, V. Variale, P. Vaz, A. Ventura, R. Versaci,
M. J. Vermeulen, R. Vlastou, A. Wallner, T. Ware, M. Weigand,
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