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Abstract. A Monte Carlo code based on the C++ classes of Geant4 has been developed to meet the
requirements of the AGATA project, which has the goal to develop an array of highly segmented
high-purity germanium detectors based on the novel concepts of pulse shape analysis andγ-ray
tracking. The code has been used to optimize the final geometry of the array and to evaluate
realistically its performance under a wide range of experimental conditions. Some results of the
extensive simulation work are presented here.
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In the past few years, many important results have been obtained using arrays of
Compton-suppressed HPGe detectors such as GASP, EUROBALL and GAMMAS-
PHERE [1]. The performance of such arrays is limited by the technology employed,
since the solid angle covered by the germanium detectors is limited by the presence
of the anti Compton shields and the finite solid angle coveredby each crystal causes a
Doppler broadening of the lines in spectra. In order to keep this effect to a reasonable
value, the solid angle covered by each crystal should be as small as possible, implying
that a large number of crystals is needed to obtain the desired detection efficiency. It has
thus become apparent that such a technology is not suitable to meet the stringent require-
ments imposed by the planned future facilities with radioactive nuclear beams, where in
most cases low beam intensity and high velocity dispersion of the recoiling nuclei are
expected. An alternative approach has been followed recently, implying the removal of
the anti Compton shields, the identification of the individual energy depositions within
the germanium crystals (which is generally known aspulse shape analysis) and the re-
construction of the scattering sequence of the individual photons (γ-ray tracking).

Presently two projects aim at the construction of an array based on the concepts of
pulse shape analysis andγ-ray tracking: AGATA in Europe [2] and GRETA in the USA
[3]. In a big project like AGATA, Monte Carlo simulations play a vital role. On one
hand the performances of different arrangements of the detectors should be evaluated
and compared in a consistent way; on the other hand, realistic datasets are needed to
test the tracking algorithms. For this reasons, we decided to develop a Monte Carlo code
which could meet the requirements of the AGATA collaboration.

The code is based on the C++ classes of the Geant4 package for the description of
the physical processes, of the geometry and the internal handling of the information [4].
In the present version of the code, it is possible to simulatethe proposed configurations
for AGATA or GRETA, which are based on irregularly shaped encapsulated crystals,



FIGURE 1. Pictorial view of the final configuration chosen for AGATA, based on 180 segmented
germanium detectors with three different shapes, grouped into 60 triple clusters. Each color correspond to
a different crystal shape.

arranged in multi-crystal clusters within a single cryostat. Since such shapes are not
easily described with the basic geometry tools of Geant, a large effort has been put into
writing new classes to describe irregular convex polyhedra. The actual crystal shape
is given by the intersection of a cylinder with such a polyhedron. The shapes of the
irregular polyhedra and their positions are read from external files, produced with a
geometry optimization program [5], thus providing a simpleand efficient way to modify
the geometrical set-up. The segmentation of the detectors is also considered.

The code is suited to simulate in-beam experiments, with light particles andγ-rays
emission from recoiling nuclei. A very schematic built-in event generator is provided,
considering a cascade of light particles and photons with fixed multiplicity. In case more
realistic events are needed, the event structure and sequence can be decoded from an
external file, allowing also for events with variable multiplicity.

The elementary interactions considered for the photons arethe photoelectric absorp-
tion, the Compton scattering (which may consider explicitly the polarization of the pho-
tons), the pair production and the Rayleigh scattering. This process, changing the di-
rection of the photon and leaving the energy unaltered, perturbs significantly the per-
formance of the tracking algorithms, which are based on sequences of regular Compton
scatterings; it is thus very important to consider it, in order to test properly the tracking
programs. It is also possible to include the effects of the finite momentum of the electron
undergoing the Compton scattering; the description of thisprocess is included via the
G4LECS package [6].

The code produces a list mode file containing the sequence of the interactions within
the crystals; for each interaction, detector number, energy, position and segment number
are given. The values for energy and position are given with infinite precision as pro-
vided by Geant4. The present tracking codes, such asmgt [7] which was used in this
work, pre-process the output data in order to emulate the typical position uncertainties
produced by the pulse shape algorithms. In the present contribution, an energy dependent
position resolution was assumed, considering a three-dimensional gaussian distribution
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FIGURE 2. Simulated spectra obtained considering the emission of a rotational cascade of 30 photons
from a source moving with velocityβ = 50% along thez axis and performing theγ detection with
the A180 configuration of AGATA. From top to bottom, the Doppler correction has been performed
respectively at the detector, at the segment and at the interaction point level. See text for details.

with FWHM ∝ (E0/Eγ)
1/2, whereE0 = 100keV. Spectra and matrices have been pro-

duced either directly from within themgt code, or writing out the data after the tracking
process in a format compatible with the GASP analysis package [8], and subsequently
sorting them with the same programs.

The code has been used to evaluate realistically and to compare in a consistent way the
performance of several configurations of detectors proposed for AGATA. The configura-
tion which has finally been chosen as the final one for AGATA comprises 180 irregular
hexaconical crystals of three different shapes, grouped into 60 triple clusters, each of
them containing one of each shapes. A pictorial view of such configuration, which in
the following will be referred to as A180, is shown in Fig. 1. Once the configuration has
been chosen, the detailed shape of the crystals has been fine tuned attempting to maxi-
mize the solid angle coverage, the photopeak efficiency and the peak-to-total ratio of the
array under a wide range of photon energies and multiplicities. The final values of these
quantities are 82% of the total solid angle coverage, 43% efficiency for single 1 MeV
photons with 59%P/T ratio, 28% efficiency for a cascade of 30 1 MeV photons with
58%P/T ratio. These values include the effect of the tracking algorithm.

The efficiency figures quoted above are especially impressive when compared with
the values for the conventional arrays, hardly reaching efficiencies of the order of 10%,
yet they do not convey the major improvement in quality of thespectra which is expected
from AGATA. This is exemplified in Fig. 2, where it is assumed that a rotational cascade
of 30 photons is emitted from a source in motion along thezaxis with velocityβ = 50%
and detected with the A180 configuration. If the Doppler correction is performed at
the detector level (like in the case of conventional detectors) or at the segment level
(like in the case of segmented detectors with conventional analog electronics), it is not
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FIGURE 3. Comparison between the simulated spectra obtained with the1π array of AGATA (top)
and with GASP in Configuration II (bottom). The28Si+28Si reaction at 125 MeV beam energy has been
considered and the particles have been detected with EUCLIDES. The coincidence with 1α2p has been
requested. See text for details.

possible to follow the rotational band up to its very end, which is instead feasible if the
first interaction point of the photons is extracted through pulse shape analysis andγ-ray
tracking techniques.

In order to get a better feeling of the major advancement in passing from a con-
ventional array to AGATA, we decided to run a direct comparison using more physi-
cally meaningful (or “realistic”) events. We considered a fusion-evaporation reaction,
28Si+28Si at 125 MeV beam energy. The population cross sections werecalculated with
the cascade code [9], limiting to the number of possible reaction channels to 5 in
order to reduce the simulation time. The evaporative particles corresponding to each
reaction channel were generated according to the centre-of-mass spectra calculated by
cascade, while the discreteγ transitions were generated with thegammaware pack-
age [10]. We generated 15000000 events of variable multiplicity, which were processed
by the Geant4 code assuming in one case to detect the photons with GASP in Config-
uration II coupled with the EUCLIDES Si-ball, and in the other case to use a partial
configuration of AGATA composed of 15 triple clusters (covering a 1π solid angle),
coupled again with EUCLIDES. The simulated data were analyzed in a consistent way,
deducing in both cases the recoil direction on an event-by-event basis through the de-
tected particles and using this value for the Doppler correction. The difference in quality
of the spectra is clearly shown in Fig. 3, where the coincidence with 1α2p is required.
It should be noticed that, although the number of germanium crystals considered is sim-
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FIGURE 4. Comparison between the simulated spectra obtained with the1π array of AGATA (top)
and with GASP in Configuration II (bottom). The28Si+28Si reaction at 125 MeV beam energy has been
considered and the particles have been detected with EUCLIDES. The coincidence with 1α2p and gamma
fold 3 have been requested. See text for details.

ilar (45 for the 1π array of AGATA, 40 for GASP), the photopeak efficiency of the 1π
array is roughly twice as much that of GASP. The difference inphotopeak efficiency
is obviously much more evident if high fold is requested, such as done in Fig. 4, where
the dataset has been analyzed requesting the same particle coincidence as Fig. 3, and in
addition at least three detected photons.

In summary, a Monte Carlo code for AGATA has been developed, which has been
used to evaluate the performance of the array in a realistic way under a wide range of
experimental conditions.
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