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Abstract. The design and commissioning of a new detector array within the ELIGANT set-up, with the aim of measuring weak second and third order γ-ray emitting
quantum-electrodynamical processes, is reported. This ELIGANT-GG set-up is discussed in terms of technical specifications, time resolution, and efficiency of the set-up
itself. The long-term stability and linearity of the detectors are investigated as important
factors for the feasability of long-running experiments. Furthermore, the capabilility of
the set-up for measuring angular distributions is shown. Finally, it is demonstrated that
indeed very rare γ-coincidence signals with a relative branching as low as 10−6 can be
measured.
Key words: γ-ray detectors, CeBr3 scintillation detectors, nuclear γ decay,
Compton scattering.

1. INTRODUCTION

The Extreme Light Infrastructure – Nuclear Physics (ELI-NP) facility [1, 2]
is one of three major facilities under implementation in Europe for science with
high-energy and -intensity photons. One of the key instruments in the “Nuclear
Physics and Applications with high-brilliance gamma-beams” program at ELI-NP
is the ELI Gamma Above Neutron Treshold (ELIGANT) set-up [3] that will focus on photonuclear reaction and structure studies involving the emission of neutrons. The ELIGANT collection of instruments contains two major components,
the ELIGANT Gamma Neutron (ELIGANT-GN) and the ELIGANT Thermal Neutron (ELIGANT-TN) detector arrays. Here we present the comissioning of a third
addition to the ELIGANT group of instruments for the implementation phase of
ELI-NP, the ELIGANT Gamma Gamma (ELIGANT-GG) detector array. The purpose of the ELIGANT-GG set-up was twofold, one being the partial commission(c) 2019 RRP 71(0) 206 - v.2.0*2019.8.22 |ATG
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ing and implementation of the detectors defined in the ELIGANT technical designreport (TDR) [3]. The other purpose was to establish a physics program that could
be run in parallel to the implementation phase of the ELI-NP facilities for both basic
research as well as ELI-NP implementation relevant measurements.
One of the physics cases that ELIGANT-GG was designed to investigate is the
recent discovery of competitive double-γ decay in 137 Ba [4], a type of process first
discussed in the Ph.D. thesis of Maria Göppert-Meyer [5]. With the limited angular granularity in Ref. [4], it is desireable to confirm that measurement as well as to
extract the angular distributions over a range of data points to properly disentangle
the nature of the γγ/γ-decay branching ratio, as well as to investigate other possible cases where this can be observed. These second order nuclear decays typically
have decay widths, Γγγ , compared to first order decay widths, Γγ , on the order of
Γγγ /Γγ ≈ 10−9 − 10−6 and are, thus, very challenging experimentally.
Another physics case is higher order processes in quantum electrodynamics
(QED) that can manifest themselves as double and triple Compton scattering [6–
8]. The cross sections for double, σD , and triple, σT , Compton scattering compared to the first order process cross-section, σS , are typically σD /σS = 10−3 and
σT /σS = 10−6 . Besides the basic research interest in these type of processes, with
the high-brilliance gamma-beam projected for ELI-NP, these processes might become important for precise characterization of the facility and instruments. Recently, significant effort has been made to completely include leading order electromagnetic scattering processes in G EANT 4 toolkit [9] within the framework of the
“High-Brilliance Gamma Beam” program at ELI-NP [10]. This type of higher order
and non-linear QED are, furthermore, one of the key topics that has been identified
for both the “Nuclear Physics with High-Power Lasers” and “Fundamental Physics
with combined laser and gamma beams” programs via radiation reactions at ELI-NP
[11, 12].
2. EXPERIMENTAL SET-UP

The ELIGANT-GG set-up was designed with the detectors in a heavily shielded
configuration to be able to measure the rare coincidence events with as little contamination as possible. The detector shielding was built using PbSb4 bricks with 96%
lead and 4% antimony from the shielding walls for the beam diagnostics [13]. The
lead bricks had a thickness of 5 cm each with a square area of 10 × 10 cm2 .
The set-up consisted of eleven 3 00 × 3 00 CeBr3 scintillation detectors from
the ELIGANT-GN. The CeBr3 crystal in each detector element was coupled with a
Hamamatsu R6233 photomultiplier tube (PMT) and a built-in voltage divider. The
detectors were placed in a circular planar configuration with an inner radius between
(c) 2019 RRP 71(0) 206 - v.2.0*2019.8.22 |ATG

3

Commissioning of the setup for γ-ray coincidence measurements at ELI-NP

Article no. 206

the source and the front-face of the scintillators of 40 cm. At this distance the shortest
unshielded photon time-of-flight (TOF) between two detectors was 2.7 ns, enough to
separate true coincidences from sequential Compton scattering of single γ rays. The
eleven detectors were evenly spaced at relative angles of 32.7◦ , giving five γγ correlation angles: 32.7◦ , 65.5◦ , 98.2◦ , 130.9◦ , and 163.6◦ , as shown in Fig. 1. The high
voltage (HV) for the detectors were provided by a CAEN SY4527 power supply
mainframe [14]. The detectors were read out using one CAEN V1730 digitizer module [15]. This module comprises of 16 input channels of single-ended micro coaxial
connector (MCX) type. The CAEN V1730 module digitized the detector signals by
a 14-bit 500 MS/s flash ADC (FADC) with a dynamic range of 0.5 Vpp . The output
signals from the digitizer were transfered to the data acquisition (DAQ) computer via
an optical link from the V1730 through a Peripheral Component Interconnect (PCI)
express board.

Fig. 1 – (Color online) Conceptual design of the ELIGANT-GG set-up (left) and a photograph of the
first realization (right) during the competitive γγ/γ decay in 137 Ba experiment.

A set of detector signals, f (t), from the 1173 keV 2+ → 0+ transition in 60 Ni
following the decay of 60 Co is shown in Fig. 2. The detector signal shows the characteristics expected for CeBr3 detectors with a fast rise time and a decay time of
approximately 17 ns as reported in literature [16]. The Fourier transform of the detector pulse, F(k), shows an almost constant contribution of high-frequency noise
with a power of a few channels for each individual component. It is interesting to
note that there is a small noise excess at the frequencies of 250 MHz, 125 MHz, and
67.5 MHz corresponding to harmonics of the sampling frequencies of the FADC of
the V1730 digitizers. These noise components are, however, not significant for a
typical experiment.
The digitizers were controlled and read out using the Multi Instance Data Acquisition System (MIDAS) software [17], providing a web interface to digitizer settings and data storage. The digitizers were set for individual trigger and readout using
(c) 2019 RRP 71(0) 206 - v.2.0*2019.8.22 |ATG

P.-A. Söderström et al.
Power (channels)

Amplitude (channels)

Article no. 206
4000

3000

4

5

4
3

2000

2
1000

0
0

1

50

100

150
Time (ns)

0
0

50

100

150
200
250
Frequency (MHz)

Fig. 2 – (Color online) Typical detector pulse collected over a large number of events for the 1173 keV
γ-ray from a 60 Co source (left). The Fourier transform of the signals in the left panel, expanded
around the area of the electronic noise (right).

an internal constant-fraction discriminator (CFD). Besides the energy and time parameters, the individual trace was collected for each event for a total of 96 sampling
points.
The total data flow written to disk was approximately 6 GB/hour of uncompressed raw data files in binary format, or 4.2 GB/hour of compressed data. For a
long-running experiment of this type the data flow to disk is about 3 TB per month.
A presorting routine, where only events with multiplicity two were stored in ROOT
files, reduced the size of the data files a factor of 1000, to 3 GB per month. The
compressed raw data was saved to external hard drives for long-term storage.
2.1. FINE TIME FROM PULSE SHAPES

For the fine time resolution required to discriminate real and Compton-scattered
γ rays, a digital CFD was implemented based on the stored detector signal. Previous detailed studies on the PMTs with rise times between 3.8 ns and 13.5 ns have
shown that using a digitizer with a sampling frequency of 500 MS/s is possible to
get equivalent or better timing performance with digital methods compared to analogue techniques [18]. The ELIGANT-GG R6233 PMT has a typical rise time of
approximately 9.5 ns and, thus, fall within this range.
The digital CFD was implemented by fitting a constant baseline for each individual trace in the time range from 0 to 20 ns. The baseline was then subtracted from
the trace, before the trace was inverted. The discriminator threshold was taken as
half of the maximum value of the pulse and a quadratic polynomial was fitted to four
data points, two before and two after crossing the threshold. The location of the half
maximum of the trace from the fit was taken as the real time value in the subsequent
analysis.
(c) 2019 RRP 71(0) 206 - v.2.0*2019.8.22 |ATG
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3. RESULTS

The commissioning of the ELIGANT-GG set-up was performed by collecting
data from standard γ-spectroscopy radioactive sources: 137 Cs, 152 Eu, and 60 Co, as
well as from the ambient γ-ray room background. A typical spectrum from 152 Eu,
combined over all of the detector channels, is shown in Fig. 3. In the subsequent
analysis, the 122 keV, 245 keV, 344 keV, 411 keV, 444 keV, 779 keV, 867 keV, and
964 keV [19] γ-rays were used.
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Fig. 3 – Typical 152 Eu spectrum summed over all detector channels, with prominent isolated peaks
listed in black. Other prominent peaks of 152 Eu that were not possible to separate from each other, or
from the 1461 keV 40 K background γ rays, are marked in grey.

The detectors were calibrated in energy with a standard quadratic polynomial,
2
,
Eγ = a0 + a1 Ech + a2 Ech

(1)

using the previously mentioned peaks. The detectors were found to be linear in the
range of interest with a consistent quadratic term on the order of a2 ≈ −5·10−8 for all
of the detectors. This is expected, as previous studies on the linearity of large-volume
LaBr3 :Ce detectors show a linear behaviour in the energy range below 10 MeV
[20, 21] and the low-energy nonlinearities appear below 100 keV [22]. While the
nonlinearity is negligible for the energy range of interest of the ELIGANT-GG setup, for energies above 10 MeV, in the region of interest for the ELIGANT-GN set-up,
the nonlinearity has a large contribution [23].
3.1. EFFICIENCY

The efficiency of the ELIGANT-GG set-up, which is shown in Fig. 4, was
parametrized as a third-degree polynomial in the log-log basis as
log γ (Eγ ) = A + B log(Eγ ) + C log2 (Eγ ) + D log3 (Eγ ).
(c) 2019 RRP 71(0) 206 - v.2.0*2019.8.22 |ATG
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Fig. 4 – (Color online) Detector efficiency of the ELIGANT-GG set-up, as a function of the γ-ray
energy (red line), evaluated with 152 Eu (blue), 137 Cs (black), and 60 Co (red) γ-rays, compared to the
conceptual design from G EANT 4 (open squares).

For a typical γγ experiment, the efficiency depends on the product of the expression in equation (2) for the two different γ-ray energies. There are, however, two
additional constraints in this case compared to regular spectroscopy experiments.
The first constraint is that the two γ-ray energies do not have a fixed value and, thus,
it is not possible to evaluate a well defined transition-energy combination. The other
constraint is that the energies of the two γ-rays are not independent from each other
but, for an initial nuclear state with the energy Ei , the γ-rays will have the energies Eγ,1 and Eγ,2 = Ei − Eγ,1 . Thus, the efficiency for detecting a γγ decay event
from a state with a certain energy will not be a single value but a continuous function γγ (Eγ,1 ) = γ (Eγ,1 )γ (Ei − Eγ,1 ). Such functions for three possible cases are
shown in Fig. 5.
3.2. ENERGY RESOLUTION

The energy resolution, σEγ , of a detector crystal was modelled as consisting
of two different components. One of the components is σnoise , which contains parts
related to noise in the electronics, transfer resolution, intrinsic resolution from the
non-proportional response of the scintillator, etc. [24]. The other component is σstat ,
which follows the Poisson statistics of the number of photoelectrons and, thus, carries
a square-root dependence on energy. A good fit to the measured energy resolution
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Fig. 5 – (Color online) Efficiency for the detection of a γγ/γ event for three different cases, the
2+ → 0+ transition in 152 Gd (blue), the 11/2− → 3/2+ transition in 137 Ba (black), and the
2+ → 0+ transition in 60 Ni (red).

was obtained when these components were chosen as:
s
σEγ q 2
1
2
2
=
,
= σstat + σnoise
(1 + PMT ) + σnoise
Eγ
Eγ Nphe

(3)

where Nphe is the number of photoelectrons produced per keV of deposited γ-ray
energy and PMT is the variance of the PMT gain [24].
The detectors show consistent values of Nphe , which give an average value
of 7.41(0.21) keV−1 . This average value is similar in magnitude but slightly lower
than expected for a CeBr3 crystal, with approximately 45 photons produced per keV
coupled to a PMT with approximately 20% quantum efficiency. The variance for
modern PMTs are typically 0.1 to 0.2, while in this case we obtained a value of
PMT = 0.41(0.04). However, the HV was set lower than the nominal PMT value.
The noise contribution was σnoise = 0.63(0.19)% and is generally expected to be
negligible for PMT readout in this energy range [24].
3.3. LONG-TERM STABILITY OF THE DETECTORS

One important aspect for this type of long-running experiment is the gain drift
of the PMTs. Two different effects can be considered influencing the long-term gain
of a PMT, the temperature dependence and the long term current stress on the photocatode and dynodes [25]. In principle, the current stress should not be a signifi(c) 2019 RRP 71(0) 206 - v.2.0*2019.8.22 |ATG
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cant factor in normal operations during experimental campaigns with ELIGANT-GN.
However, depending on the intensity of the γ-ray background from the incoming γray beam and the length of the experimental campaigns, the effect of current stress
could appear after approximately 100 hours of operation. In the ELIGANT-GG run
the γ-ray intensity was rather small. Moreover, with the long running time, it is
possible that this effect had a non-negligible contribution to the gain drift of the detector array. This is an effect that is expected to be most significant the first three
to four times the PMT is being operated, as it was in this case. Regarding the first
effect, of the temperature dependence of the PMT, we expect a decreasing gain drift
of approximately 3 − 4%, per 10◦ C ambient temperature increase [25].
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Fig. 6 – (Color online) Average gain drift of all the detectors in the array for a period of 45 days (left).
Individual gain drift of each detector channel relative to the average gain drift (right), see explanations
in the text.

While it is not possible to unambiguously disentangle these two possible sources
of gain drift in the PMTs, it is possible to separate the gain drift into an average gain
drift of the full ELIGANT-GG array, and a spread in the gain drift of the individual
detectors, shown in Fig. 6. The gain drift due to temperature changes should affect
each individual PMT similarly, while gain drift from current stress depends on the
fabrication and could vary from PMT to PMT even among the same type [25]. This
type of drift would appear as either a positive or negative slope in the gain and could
be visible after 1000 hours at an operation of anode currents on the order of 0.1 µA,
which is estimated to be the order of magnitude in this test.
3.4. TIME RESOLUTION

The time alignment of the detector array was done by coincidences of the
1333 keV and 1173 keV γ rays from the 4+ → 2+ → 0+ cascade in 60 Ni. This gave a
total full-width at half-maximum (FWHM) time resolution of the full ELIGANT-GG
(c) 2019 RRP 71(0) 206 - v.2.0*2019.8.22 |ATG
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system as FWHM/ 2 = 735(6) ps at these energies, and the average hFWHM/ 2i =
715 ps for each individual detector pair. This can be compared to the
√ corresponding
values for the ROSPHERE,
where
timing
resolutions
of
hFWHM/
2i = 182(2) ps
√
and hFWHM/ 2i = 339(1) ps were obtained for the cylindrical 1.5 × 1.5” and
2 × 2” LaBr3 :Ce crystals, respectively, and analogue electronics [26]. For verification of the time scales, the lifetime of the first 2+ state in 152 Sm was reconstructed
as 1.452(4) ns, which is in agreement with the literature value of 1.403(11) ns [19],
shown in Fig. 7.
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Fig. 7 – (Color online) Time resolution from the the 1333 keV and 1173 keV γ rays following the
decay of a 60 Co source (left). Reconstruction of the lifetime of the first 2+ state in 152 Sm (right).
Black circles show the time-difference data between two detectors and the red line shows the fit of a
Gaussian convoluted exponential function.

Besides the time resolution, the energy dependence on the centroid of the peak
contributes to the final time resolution, known as prompt-response distribution (PRD)
in fast timing arrays. In particular, the prompt peak of two γ rays with a large energy
difference will show up shifted in the time spectrum. The PRD obtained for the
ELIGANT-GG configuration follows the same trend as the time resolution, being
approximately twice in magnitude compared to dedicated, fully digital, fast-timing
set-ups [27] with state-of-the-art digital electronics like the LaBr3 :Ce array FATIMA
and νBall aiming for sub-nanosecond lifetime measurements [28, 29].
3.5. ANGULAR CORRELATIONS

To verify the ability of ELIGANT-GG to accurately measure the angular correlation of the two γ rays in second order processes we verified the capabilities of our
detector system to accurately measure angular distributions using the 4+ → 2+ → 0+
cascade in 60 Ni and the 3− → 2+ → 0+ in 152 Gd. It is well known that γ rays emitted
in many cases do not have an isotropic distribution but rather a distribution described
as a sum of Legendre polynomials [30]. The sum over Legendre polynomials extends
(c) 2019 RRP 71(0) 206 - v.2.0*2019.8.22 |ATG
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to twice the lowest multipolarity of the γ rays involved in the decay, which is in most
of the cases not larger than two. Thus, the cascade is well described by the relation
W (θ) = 1 + A22 P2 (cos θ) + A44 P4 (cos θ).

(4)

W(θ)

W(θ)

In the first case the cascade consists of two electrical quadrupole, E2, transitions
giving the parameters A22 ≈ 0.102 and A44 ≈ 0.00907. In the second case the cascade is mixed with the first transition being an electric dipole, E1, followed by an E2
transtion, giving A22 ≈ 0.0714 and A44 = 0. The capabilities of the ELIGANT-GG
set-up to accurately reproduce such angular correlation parameters is shown in Fig. 8
for these two cases.
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Fig. 8 – (Color online) Angular correlations of the 4+ → 2+ → 0+ cascade in 60 Ni (left) and the
3− → 2+ → 0+ cascade in 152 Gd (right). The red curves correspond to a fit with the expression from
Eq. (4), while the black dots correspond to the experimental data.

3.6. COMPTON SCATTERING CROSS-TALK

One of the most critical parameters for this type of experiments is to verify
that what is observed is the real coincidence events and not γ-ray cross-talk between
different detectors. Despite the thick lead shielding there is still a finite probability
that a γ-ray can pass through undisturbed, or Compton scatter multiple times and
thus induces a coincident signal. To evaluate this, a data set was collected where a
60 Co source was placed approximately 1 cm in front of one of the detector crystals
and the collected data was sorted into γγ-coincidence matrices for each angle relative
to the detector with the source in front, as shown in Fig. 9.
We examine the most sensitive scenario, the detector at 33◦ , and obtain an
upper limit for the number of γ rays in the peak to be 130 counts. The total number
of γ rays emitted in the 1173 keV peak was 109 and G EANT 4 simulations [9, 31]
give an intensity ratio of the full-energy peak in detector one and events in detector
two of approximately 0.55% for 1173 keV and 0.37% for the 662 keV peak. This
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Fig. 9 – (Color online) Singles energy spectrum for a detector at 0◦ (top left), and sum-energy spectra
of the energy deposited at the 0◦ detector and in another detector at the corresponding angle indicated
in the figure. The red line shows the expected location of the 1173 keV γ ray transition.

gives the upper limit of the intensity ratio as I/I0 = 1.3 · 10−7 for the 1173 keV
transition, which translates to an upper limit of the signal due to Compton scattering
through the lead in the 662 keV case of I/I0 = 8.6 · 10−8 , without correcting for
the different attenuation in the lead. This would be the case if all the leakage comes
from small holes in the shielding. On the other extreme, assuming that all γ rays
pass through full lead thickness and not holes in the shielding, the intensity of γ-ray
radiation through an absorber material is given by the simple relation
I = I0 e−µρt ,

(5)

where I0 is the initial intensity, µ is the mass absorption coefficient, ρ is the density of
the material and t is the effective thickness. The average energy of the Compton scattered γ rays was 260 keV with a standard deviation of 100 keV from the 1173 keV
transition and 220 keV with a standard deviation of 80 keV from the 662 keV transition. For lead, ρ = 11.34 g/cm3 and µ = 0.56 cm2 /g at a γ-ray energy of 260 keV,
and µ = 0.81 cm2 /g at a γ-ray energy of 220 keV [32]. In this case, Eq. (5) gives an
upper limit of I/I0 = 6.5 · 10−11 . Both these extreme cases are well below the γγ/γ
branching ratio, which is of the order of 2 · 10−6 .
3.7. BACKGROUND

The time correlated events with multiplicity two or larger in the data sets collected without a source mainly originated from the showers following cosmic ray
(c) 2019 RRP 71(0) 206 - v.2.0*2019.8.22 |ATG
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interactions in the laboratory area. There are two main components from this background, one being the low-energy tail from the high-energy γ rays, with energies
around 10 MeV, produced in the showers. The other component is the 511 keV γ
rays that come from the annihilation of electron-positron pairs that were produced.
Unfortunately, the time structure of these γ rays are very similar to the time structure of coincident γ rays from the source decays, especially at small angles where
the detectors were hit almost simultaneously. This means that it is not possible to
discriminate this type of background by time of flight (TOF). In the work reported in
Ref. [4], this background was partially removed by adding plastic-scintillators as veto
detectors on top of the experimental set-up. As this type of detector was not available in this work, we instead use the larger granularity of ELIGANT-GG to place a
filter on the multiplicity in each event, as a cosmic-ray shower originating from the
ceiling or walls will likely cover a larger number of detectors and, thus, create higher
multiplicity events.
Another background that is visible in the double spectra is a rather large lowenergy background coming from the source itself, see Fig. 10. This background is
consistent with the low-energy background from the spectra in Ref. [4]. While it
is not possible to explicitly assign this background, one possible explanation is that
it originated from other second-order processes that can generate two correlated γ
rays, for example double Compton scattering. In this process an additional γ ray is
radiated from the intermediate electron in the classical Compton scattering Feynman
diagram. While this process is normally too small to influence experimental measurements, the cross section for double Compton scattering relative to single Compton scattering has been calculated to be of the order of 10−4 for γ rays at 662 keV [8],
compared to 10−6 for double γ decay [4]. The shape of the spectra at different angles
can be qualitatively understood as the probability to detect a soft (lower energy) or
a hard (higher energy) photon, emitted in double-Compton scattering. Thus, for the
large angle detector combinations at least one of the two photons must be emitted in
a large angle relative to the incoming γ ray. In the case of a hard scattered photon at
backward angles we expect a large part of the photon momentum to be transferred to
the electron, thus giving a relatively lower energy sum of the two outgoing photons.
A two-photon emission at small relative angles does not, however, have this requirement and thus we expect a more evenly distributed energy spectrum, consistent with
what is shown in Fig. 10.
4. ANALYSIS PROCEDURE

The analysis of the ELIGANT-GG data was performed using two γγ matrices,
shown in Fig. 11, the Eγ,1 against Eγ,2 , and another matrix where we plot the energy
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Fig. 10 – Sum-energy spectra from a 137 Cs source with the room background subtracted at 65◦ (left)
and 164◦ (right), showing the energy structure of the source-induced γ-ray background.

|E -Eγ ,2| (keV)

Eγ ,2 (keV)

sums versus the energy differences, Eγ,1 + Eγ,2 versus |Eγ,1 − Eγ,2 |. These matrices
were constructed using a time condition selecting only prompt coincidences with a
time window of one standard deviation from the prompt peak, ∆T1,2 = ±655 ps.
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Fig. 11 – (Color online) Eγ,1 versus Eγ,2 matrix (left) and energy sum versus energy difference,
Eγ,1 + Eγ,2 versus |Eγ,1 − Eγ,2 |, matrix (right) for the data set without source. The expected
location of the γγ/γ decay of the 11/2− state in 137 Ba and the 2+ state in 60 Ni are shown as dotted
and dashed red lines, respectively.

To minimize the influence on the background, different conditions can be put
on these matrices before the final projection of the spectrum is obtained. In the case
of 137 Ba, for example, the majority of the events of interest occur with Eγ,1 < 511
and Eγ,2 < 511, while for 60 Ni the condition would be Eγ,1 < 511 and Eγ,2 > 511 or
vice versa. Similarly, the background can be significantly reduced with the conditions
|Eγ,1 − Eγ,2 | < 300 for 137 Ba and |Eγ,1 − Eγ,2 | > 200 for 60 Ni. Using these energy
and time conditions on a data set with and without source, the two sum-energy spectra
shown in Fig. 12 are obtained. The sum-energy peak corresponding to γγ/γ decay
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with a branching of Γγγ /Γγ ≈ 2 · 10−6 [4] can be clearly
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Fig. 12 – Sum-energy spectrum for the data without source (left) and with a 137 Cs source (right),
including all the necessary cuts to reduce background. The 662 keV peak is clearly visible in the panel
on the right.

5. CONCLUSIONS

The ELIGANT-GG set-up has been characterized using various radioactive
sources as well as data collected from the ambient room background. The analysis shows that the detector set-up is well understood and that it is possible to use
this detector system to study γ-coincidence processes with a relative intensity on the
order of 10−6 .
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