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A B S T R A C T

The Advanced GAmma Tracking Array (AGATA) has been installed at Laboratori Nazionali di Legnaro (LNL),
Italy. In this installation, AGATA will consist, at the beginning, of 13 AGATA triple clusters (ATCs) with an
angular coverage of 1𝜋, and progressively the number of ATCs will increase up to a 2𝜋 angular coverage. This
setup will exploit both stable and radioactive ion beams delivered by the Tandem–PIAVE-ALPI accelerator
complex and the SPES facility. The new implementation of AGATA at LNL will be used in two different
configurations, firstly one coupled to the PRISMA large-acceptance magnetic spectrometer and lately a second
one at Zero Degrees, along the beam line. These two configurations will allow us to cover a broad physics
program, using different reaction mechanisms, such as Coulomb excitation, fusion-evaporation, transfer and
fission at energies close to the Coulomb barrier. These setups have been designed to be coupled with a large
variety of complementary detectors such as charged particle detectors, neutron detectors, heavy-ion detectors,
high-energy 𝛾-ray arrays, cryogenic and gasjet targets and the plunger device for lifetime measurements. We
present in this paper the conceptual design, characteristics and performance figures of this implementation of
AGATA at LNL.
c
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w
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1. Introduction

The main objective of nuclear structure is the study of the na-
ture and the phenomenology of nucleon–nucleon interaction in the
nuclear medium and its emerging phenomena. High-resolution 𝛾-ray
pectroscopy plays a major role in this field, allowing for the mea-
urement of physical observables related to the decay of the excited
uclear levels. From this precise measurement of the 𝛾 rays emitted
rom excited nuclear levels one obtains not only the excitation en-
rgy but also the reduced transition probabilities and their associated
uantum numbers, by measuring: (i) the lifetime of excited states,
rom which one can deduce the reduced transition matrix elements,
ii) the 𝛾-ray angular distributions, linked to the multipolarity of the
ransition and (iii) its polarization, which can provide information on
he electric or magnetic character of the transition. Over five decades
f developments in in-beam 𝛾-ray spectroscopy, different experimental

methods have been developed to measure all these quantities, sig-
nificantly advancing our understanding of nuclear structure and the
underlying nucleon–nucleon interaction. At present, state-of-the-art
𝛾 spectrometers for high-resolution 𝛾 spectroscopy are based on
𝛾-ray tracking, such as the European project Advanced Gamma Track-
ing Array (AGATA) [1] and the USA project Gamma-Ray Energy
In-beam Nuclear Array (GRETINA) [2]. Such a technology provides
superior efficiency, position resolution and Doppler correction, improv-
ing the resolving power compared to conventional 𝛾-ray spectrometers,
thus boosting the study of rarer nuclear phenomena.

AGATA was first implemented at Laboratori Nazionali di Legnaro
(LNL) in the so called demonstrator phase in 2009 [3], where it
was coupled to the large acceptance magnetic spectrometer PRISMA
[4–7] as well as other charged particle detectors. Then it moved to
Helmholtzzentrum für Schwerionenforschung (GSI) to be positioned
at the final focal position of the FRagment Separator (FRS) [8–10].
After GSI, AGATA in its 1𝜋 configuration was moved to the Grand
Accélérateur National d’Ions Lourds (GANIL) [11]. The new implemen-
tation of AGATA at LNL in a 2𝜋 configuration represents the so called
PHASE2 of AGATA, aiming to the completion of the 4𝜋 array. In this
installation, AGATA will consist at the beginning of 13 AGATA triple
clusters (ATCs) and the number of ATCs will increase with time up to 27
out of the 30 possible ATCs due to the mechanical constrains to get the
beam line through. This setup will be employed with both stable beams
from the TANDEM-ALPI-PIAVE accelerator complex and radioactive ion

beams from SPES [12]. A rich physics program will be covered with p
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AGATA and a pletora of complementary detectors such as the PRISMA
spectrometer, particle detectors EUCLIDES [13,14], TRACE [15], SPI-
DER [16] and GRIT [17,18], the neutron detector NEDA [19], the
𝛾-ray spectrometer PARIS [20], the plunger device [21], the heavy-ion
detector DANTE [22] and the cryogenic and gas jet targets CTADIR [23]
and SUGAR [24].

These setup, including the different complementary detectors, have
been designed to study the structure of moderately neutron-rich nuclei
populated by reactions such as multi-nucleon transfer, fusion–fission
and transfer induced fission using Pb and U, neutron-deficient nuclei
populated via fusion-evaporation reactions, Coulomb excitation and
transfer reactions of stable and SPES ISOL beams. Previous campaigns
at LNL and GANIL have produced rich physics results using similar
setups [25]. The physics campaign at LNL will be further enriched by
the usage of 238U and 232Th targets. The accelerator complex at LNL
has been also upgraded to provide to the users 238U beams.

In this manuscript, we will describe the conceptual design of the
AGATA 2𝜋 array at LNL coupled to the various complementary detec-
tors. Detailed simulations to investigate the performances of AGATA
will also be discussed. This installation comprises a major upgrade of
the AGATA infrastructures from the previous campaigns to accommo-
date a larger number of detectors towards the AGATA 2𝜋 configuration.

2. Description of the setup installation

The conceptual design of the AGATA 2𝜋 array at LNL coupled to the
various complementary detectors has been conceived in order to opti-
mize the geometry of the setup for the experimental activity foreseen
at LNL. For example, AGATA in its first configuration, has been placed
symmetrically along the optical axis of the PRISMA spectrometer at
180◦. This is the optimal position to minimize the Doppler broadening.
During the design it has been also taken into account that AGATA
has been designed to work at any focal position (different target-to-
detector distances) increasing its efficiency without significant looses in
the resolution and peak-to-total performance. All the ancillary detectors
have been also though in order to optimize the performance of AGATA
coupled to the ancillary detectors. This setup is an upgrade of the
previous implementations at LNL [3], GSI [8–10] and GANIL [11].

The AGATA 2𝜋 array has been installed at LNL. Two different
onfigurations are foreseen, firstly one at the target position of the
agnetic spectrometer PRISMA and a second one at Zero Degrees,
here the beam line will pass along the symmetry axis of the AGATA

pectrometer. These two setups will allow to pursue the rich physics

rogram proposed by the community. The detector support system and
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Fig. 1. General layout of AGATA 2𝜋 coupled to PRISMA installed at LNL (INFN). Racks
hat host the digitizers and the LVPS (gray), racks that host the liquid nitrogen autofill
ystem, the electronics for the complementary detectors and the High Voltage System
or the AGATA (cyan). PRISMA is also represented in cyan. See text for more details.

Fig. 2. The AGATA holding structure, together with thirty flanges in the honeycomb
tructure, built for the installation of AGATA at LNL. The shaft allows the rotation of
GATA ± 85◦ around its symmetry axis.

he front-end electronics are installed close to the array. In Fig. 1,
here AGATA is shown coupled to PRISMA, the racks that host the
igitizers and the Low Voltage Power Supply (LVPS) can be seen on
he right. This platform presented large constraints during its design
ince the signal cables of the detectors to the digitizers have a limited
ength of 11 meters to keep the integrity of the signals. On the left
f Fig. 1, instead, one can see the racks that host the liquid nitrogen
utofill system, the electronics for the complementary detectors and
he High Voltage System for the AGATA detectors. The electromagnetic
ompatibility between the different mechanical parts and the AGATA
etector structure was carefully checked during the installation and
arious modifications were performed to comply with the specifica-
ions. Special care has been put in cable management, each ATC needs
9 cables that are collected in a bundle of about 70 mm in diameter.
uring the roto-translation of AGATA, the torsional efforts appear
ausing the bundles to roll up on themselves, in order to keep the
ntegrity of the cables and avoid transmitting stress to the connectors,
wo cable bundles (one on the shaft and other on the racks) on the
eft in Fig. 1 were adopted along the path of the cables and protective
VC elements were inserted in these two points where the cables are
unched.

In the first configuration AGATA 2𝜋 can rotate together with
RISMA on a common platform from 20◦ to 110◦. In addition AGATA
as two more degrees of freedom, the honeycomb structure can rotate
85◦ around its symmetry axis using the newly commissioned shaft

see Fig. 2). This rotation is needed to install the detectors always
orizontally. Another degree of freedom is the distance between the
arget and the AGATA detectors that can be adjusted from the so-
alled nominal configuration (distance target to the front of all the
arious ATC’s is equal to 230 mm), to the close-up position, i.e. the
hole AGATA array can be translated towards the target by 55 mm. In
3

Fig. 3. General layout of AGATA 2𝜋 installed at LNL (INFN) for the Zero Degrees
configuration with the neutron detector array NEDA [19]. Racks that host the digitizers
and the LVPS (gray), racks that host the liquid nitrogen autofill system, the electronics
for the complementary detectors and the High Voltage System for the AGATA (cyan).

Fig. 4. The AGATA detector support at LNL with 30 flanges. The numbering of the
honeycomb flanges follows the logic of the previous installations. The cut flanges 3,
12 and 26 are shown on the left in Fig. 2.

addition the whole AGATA can be translated backwards up to 750 mm
to allow the access to the reaction chamber. In the Zero Degrees
configuration (ZD) instead AGATA will be positioned upstream, along
the beam line and will be fixed, see Fig. 3, only the rotation around
its symmetry axis will be permitted. Compared to the previous GANIL
physics campaign, the LNL implementation will allow the installation
of up to 27 AGATA Triple Clusters (4 in the inner ring, 9 in the inter-
mediate ring and 14 in the outer ring, see Fig. 4), with a considerable
increase of the complexity to deal with all the AGATA services, such
as liquid nitrogen distribution, cabling managing, etc. Fifteen flanges
(where the detectors are mounted and form the honeycomb, see Fig. 4)
were used in the GANIL campaign, while other 15 flanges were newly
produced. In order to allow for the rotation of AGATA from 20◦ to 110◦

hree flanges, number 3, 12 and 26, have been cut to allow the passage
f the beam line (see Figs. 2 and 4). A telescopic beam line has been
esigned to enable the rotations of the whole structure.

Fig. 5 shows the projection, on the target plane perpendicular to
he symmetry axis, of the focussing point of each flange accurately,
easured using laser tracker. The result of this projection for each

lange shows that all the flanges are positioned with a tolerance better
han 1 mm, besides two of them, 3 and 26 that as discussed before
re cut to allow the passage of the beam line and will not be used to
osition any detector.

The detector positioning and alignment of the ATC in the structure
as been improved with respect to the previous installations in three
ifferent aspects. Firstly, the alignment in a mechanical jig that allows
o correct the position. This is done with the assistance of the laser
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f

Fig. 5. Projection on the target plane perpendicular to the symmetry axis of the
ocussing point of each flange, see text for more details.

Fig. 6. The new detector alignment tip tool: (a) as designed (b) once in use on the
tip of the first inserted detector during the alignment procedure.

tracker. It has been improved by substituting the old aluminium masks
with new plastic movable masks, that increases the precision. Using
this feature the plastic mask cannot scratch the detector surface and
every change in the detector position can be done with the detector
fully inserted and fixed into the mechanical Jig. This is the first step
to accurately install a detector in the honeycomb structure. When the
detector is positioned in the structure, a new add-on to the detector
fixing system to the honeycomb has been developed in such a way
that using the three holding points of the detectors to the flange, a
better control of the detector position during the handling is obtained.
Lastly, a new laser tracker alignment tool is available and can be used
to ensure the detector tip positioning monitor during all the installation
procedure time. The new tool is shown in Fig. 6.

This new procedure with the continuous laser tracker assistance
together with the three controlled positioning points allowed for a
better detector insertion and extraction from the honeycomb keeping
at all times a tip displacement below 0.4 mm.

Fig. 7 shows the (x, y, z) error position of each AGATA Triple Cluster
(front of the cryostat end-cap) with respect to the nominal position
(230 mm), after the improvement of the detector positioning, obtained
with the laser tracker. The average measured distance is 229.95 mm
with an average dispersion of 0.11 mm, to be compared with its
previous implementation at GANIL, where the average measured dis-
tance was 230.9 mm (shown as a rectangle in Fig. 7 with an average
dispersion of 0.4 mm).

2.1. Reaction chamber

The design of the scattering chamber for the installation of AGATA
coupled to the PRISMA spectrometer had to meet the following criteria:
4

Fig. 7. Coordinates (x, y, z) error position of each AGATA Triple Cluster tip with
respect to their nominal position. There is an average dispersion of 0.11 mm, see text
for more details. The blue and green rectangle are centered at the average error distance
and represent the average dispersion at GANIL and LNL respectively.

Fig. 8. Right Panel: CAD visualization of the scattering chamber for the installation of
AGATA coupled to PRISMA: the light-blue shell (main body of the reaction chamber)
is firmly attached to the entrance of the magnetic spectrometer, while the half sphere
elements is one of three removable shells (each of the three shells indicated by
a different color). The ensemble of the movable shells used to cover the rotation
angle between 7–88◦ are shown in the left panels. Although it is possible to reach
mechanically up to 95◦, only up to 88◦ one can perform vacuum. The beam enters via
the flange in the removable shell.

(i) reduced thickness to minimize 𝛾-ray absorption; (ii) working range
of use between 20◦ and 85◦ to allow for a wide set of experi-
ments; (iii) large volume to accommodate complementary detectors;
(iv) connection towards a service chamber, also named ‘‘expansion
chamber’’, where beam dumps, cables and front-end electronics for the
complementary detectors can be placed. Several access and viewports
were then envisaged for beam-centering purposes.

The final scattering chamber design comprises two independent
shells, one rigidly connected to the entrance of the PRISMA spectrom-
eter, and a set of movable shells that allow us to cover angles ranging
from 7◦–88◦, that warranty the high vacuum. The outer radius of the
movable shells is 170 mm, resulting in a large space inside the chamber.
The chosen diameter of the chamber allows AGATA to work in the so-
called high-efficiency configuration, when the full honeycomb is moved
55 mm towards PRISMA. The chamber consists of the anticorodal
Aluminium 6082 alloy with a thickness of 2 mm on the spherical parts,
and is reinforced to 5 mm on the flat surface towards PRISMA. The CAD
visualization of the scattering chamber is shown in Fig. 8 together with
a set of movable shells used to cover the rotation angle between 7–88◦.

Finite Elements Analysis (FEA) investigations have been conducted
in order to verify possible deformations of the chamber under stress
induced by the external pressure when the chamber is at the working
vacuum level of 10−6 mbar, which confirmed its stability. An additional
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Fig. 9. Details of the expansion chamber. Top left: ensemble of the scattering chamber
and the expansion chamber. Top right: side view of the scattering chamber, showing
the connecting elements towards the expansion chamber. Bottom panel: inner view
of the expansion chamber where the position of the beam dumps and of flanges for
connectors is visible. All numbers are in mm.

Fig. 10. Scheme of the LN2 distribution line.

umping unit is directly attached on the expansion chamber in order
o help reaching desired working conditions.

Fig. 9 shows different views of the reaction chamber. The ensemble
f the two chambers (reaction and expansion chamber) is shown in
he top-left panel. The right panel of Fig. 9 shows a detail of the
lement connecting the two chambers. The horizontal line marks the
eam line height, showing the large space left for the passage of the
ables. The bottom panel of Fig. 9 shows the interior of the chamber.
protractor allocates the beam dump at various angles depending on

he angular position of PRISMA. Such a protractor is divided in two
ections, a forward one, serving angles between 45◦–53◦ (forward beam
ump position), and a backward element for larger angles (retracted
eam dump position). For angles below 45◦, with a minimum value of
0◦, the beam dump has to be positioned inside the chamber at 8 cm
istance from the target.

The lower part of the expansion chamber is used to host cables
nd electronics, which are connected to the back and side movables
langes using feed-through connectors. The scattering chamber and the
rotractors are also made of 6082 Aluminium alloy.

Being the expansion chamber located in close vicinity of the AGATA
etector the effect of the presence of the beam dumps has been care-
ully studied using Geant4 simulations [26]. The study highlighted a

trong effect induced by the large connecting section between the two

5

Table 1
Reference angular ranges and beam dump positions for the
AGATA-PRISMA scattering chamber.
AGATA PRISMA angle (◦) Beamdump

position Min. Max. position

Nominal
20 45 Insidea

45 53 Forward
53 84.5 Retracted

Close-up
35 45 Insidea

45 53 Forward
53 88 Retracted

aBeamdump inside the reaction chamber, distance to target
8 cm.

chambers, particularly evident when working at angles between 45◦

and 58◦. Thanks to simulations, we decided to shield the expansion
hamber with plates of tungsten alloy (25 mm thick) on the side and
f lead (40-mm) on the top and bottom, as depicted in top left panel
f Fig. 9 in a greenish color.

.2. Available angular range for grazing reactions

AGATA is expected to work coupled to PRISMA at two distances:
he nominal position and the higher-efficiency close-up configuration.
owever, AGATA can in principle be positioned at any distance from
55 mm (close-up configuration) up to +750 mm. Table 1 shows the

inal possible angles between of PRISMA with respect to the beam
ine as well as the beam dump position for each angular range, after
onsidering all the structural limitations for the nominal and the close-
p configurations. One should notice that in the nominal position
e have an angular range from 20◦ to 84.5◦, while for the close-up
osition the angular range changes from 35◦ to 88◦. Another general
onsideration is that for the configurations where the beam dump is
nside the reaction chamber a larger background is expected.

.3. Cryogenic infrastructures

The AGATA HPGe detectors must be maintained at liquid nitrogen
LN2) temperature during the whole experimental campaign without
nterruption. A scalable system has been initially considered to avoid
ajor configuration changes of the cryogenic installation in all the

aboratories hosting AGATA over time. All attempts to define a common
onfiguration were unsuccessful due to large differences in the existing
nfrastructures of the host laboratories. Therefore a dedicated design of
he LN2 filling system has been conceived for the AGATA installation at
NL to satisfy both safety constraints, the necessity of a fast response of
he system in case of accidental detector warm up and the optimization
f the filling procedure and all the mechanical constrains, i.e. allow
GATA to perform the necessary roto-translations. Fig. 10 shows the
cheme of the LN2 distribution line.

The cryogenic liquid is taken from a large volume container (20000 l
t 2.3 bar), installed outside the building, and is transported along a
uper-insulated fixed line inside the experimental room. The whole line
about 45 m long) is kept cold and without residual gases, with the
nsertion of a degaser before the main control valve. The line terminates
ith a sequence of two movable arms, connected to a distribution man-

fold through a metal hose (in vacuum). A metal structure supports the
ntire line in the experimental room, ensuring the correct movement
f the mobile section. To minimize humidity condensation close to the
etector electronics, metal hoses (in vacuum) are also used to connect
he detectors to the load and exhaust manifolds. The gaseous phase
f the degaser, the exit of the safety valves inside the building and the
xit of the exhaust manifold are conveyed to the N2 gaseous evacuation

system. The evacuation line is built in steel with vacuum insulation,
the outlet is on an external chimney at atmospheric pressure. A N
2
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Fig. 11. Top-view and three-quarter-view renderings of the pre-amplifier motherboard.
he 64-channel pre-amplifiers are meant to be plugged on the central connectors: the
iagonal arranging allows for an easier connection of the flexible kapton PCBs that
arry the output signals.

as socket in the external container ensures efficient emptying of the
vacuation line of residual gas.

With the present ATC design (4.5 l Dewar), about 5.2 l of LN2 are
needed for a single detector at every filling cycle. The holding time of
the Dewar is relatively short and four fillings per day are necessary.
The total LN2 consumption for an array of 30 ATC is therefore about
160 l per filling cycle, excluding the permanent cooling of the transfer
line up to the main valve (≈ 700 l/day). Additional LN2 (about 20 l)
is used at every filling cycle to purge the unwanted N2 gas and cool
the transfer line after the main valve and the manifold. With the LN2
permanently available close to the detectors (about 7 m), the filling
request of a warming up detector can be satisfied in less than 2 min,
thus restoring the normal conditions in an acceptable time.

The hardware to monitor and control the LN2 filling system is based
on industrial SIEMENS modules with a scalable architecture (groups of
16 detectors). The installed configuration is for 32 detectors but can be
easily extended towards the full 4𝜋 array. The correct functioning of the
entire distribution system, the filling operations of the detectors and the
alarms management are controlled by a PLC using the EPICS software
platform and can be accessed via a Graphical User Interface. The EPICS
server is also used for data archiving. The system integrates the control
of detector and electronics (digitizer) low voltage components and
generates the signals to enable/disable the detector HV bias.

Each ATC cryostat is equipped with two Pt100: the primary one is
placed along the cold finger, close to the Dewar to monitor the detector
behavior and guarantee a fast reaction of the HPGe cooling system; the
secondary Pt100 is installed very close to the capsules and in thermal
contact with one of them. In addition, the LN2 level inside the Dewar
is determined from a capacitive measurement. Decisions in the filling
procedure are based on the Dewar Pt100 with an automatic switch to
the second Pt100 (capsule) in case of Pt100 failure. The LN2 capacity
readout is only monitored by the system.

The detector filling sequence is defined/changeable in the ‘‘expert’’
layer of the GUI, according to cryogenic characteristics. Only 4 detec-
tors are filled at once, to limit the maximum number of detector valves
open at the same time.

System information and alarm conditions are notified as SMS to the
team responsible of monitoring the system via a dialer communicating
with the PLC.

3. Data acquisition system

AGATA pre-processing electronics and data acquisition infrastruc-
ture (DAQ) at LNL is distributed over two computing centers. The
so-called VAX room, 60 m away from the experimental hall has been
chosen to host the pre-processing and services related to the early

phase electronics. The second place, part of the LNL new computing
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center, will host the high density servers for the electronics currently
under construction to handle all the channels of the 2𝜋 array. The
distributed acquisition system, DCOD, implemented for AGATA during
the last campaign at GANIL [11] is maintained for all the duration of
the stay of AGATA at LNL. The complementary detectors presented
in this contribution are all readout using digital electronics and the
XDAQ distributed DAQ system [27]. The XDAQ applications follow the
same logic that has been developed previously at LNL for the GALILEO
𝛾-ray array [28]. The system has been fully upgraded to XDAQ v15
and CentOS-7. On top of this software update, it is worth pointing out
that the PRISMA readout chain has been upgraded with respect to the
one used during the AGATA-demonstrator phase [3], allowing one to
consequently reduce the readout dead-time to less than ∼ 5% at typical
rate of 1 kHz and to less than ∼ 15% at 5 kHz.

4. Complementary instrumentation

Complementary detectors are key instruments in 𝛾-ray spectroscopy
studies, allowing the investigation of exotic reaction channels, which
are characterized by small cross section or large background. The
AGATA array can be coupled with a variety of complementary in-
strumentation to detect light-charged particles, heavy ions, neutrons,
high-energy 𝛾 rays and measure lifetimes. Moreover, particle detectors
can be used to extract additional information on the structure of excited
states using particle spectroscopy techniques.

A number of complementary detectors are available when AGATA
is at the target position of the magnetic spectrometer PRISMA. In the
following the complementary devices will be discussed: EUCLIDES,
TRACE, SPIDER, DANTE, LaBr3:Ce, plunger.

4.1. Common motherboard for silicon detector pre-amplifiers

The pre-amplifiers for the silicon detectors are standardized both
for the SPIDER and the EUCLIDES arrays (see Sections 4.3 and 4.4).
The TRACE array can either use the same electronics or custom inte-
grated pre-amplifiers (see Section 4.5). The detector connections have
been standardized and made entirely on flexible kapton PCBs with
high-density Samtec connectors. The signals are routed inside the moth-
erboard and connected to the corresponding pre-amplifiers. These are
inserted vertically on the motherboard and are placed in a diagonal ar-
rangement in order to make the connection of the output cables easier.
The output cables are realized on flexible kapton PCBs and are con-
nected directly on the pre-amp boards and on the flange feed-throughs.
All the signals coming from the pre-amplifiers are differential in order
to minimize electro-magnetic interference from the large PRISMA mag-
nets. They run on the kapton cables along controlled-impedance 100 Ω
differential pairs. The pre-amplifier thermal dissipation is ensured by
the connectors to the motherboard, that include a massive central
ground contact. The motherboard is thermally coupled to the bottom
of the chamber thanks to a thermal gap foil. The motherboard includes
also connections for both the various detector high voltages and, if
available, for the pre-amplifier digital slow-control. Fig. 11 shows the
pre-amplifier motherboard in the expansion chamber.

4.2. Common readout chain

As for the pre-amplifier, the choice was made to build a common
readout chain for the complementary devices. The chain is based on
commercial digitizers provided by CAEN. So far, both V1725 and
V1730 boards were successfully integrated in the readout chain. Those
boards are based on 250 MHz and 500 MHz 14-bit ADC chips respec-
tively. To cope with the single-ended signal input, MesyTec MDU-16
16-channels differential-to-unipolar converter are added to the chain.
This module offers both the low noise and a large range of analog
amplification gain from 1/8 to 12 allowing to cope with the large range

of applications foreseen for the Si-detectors array.
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Fig. 12. CAD visualization of SPIDER mounted in the AGATA reaction chamber from
he front (left) and back (right) view. SPIDER is shown in yellow, the target holder in
ed, and the PCB ring in green. In the right figure, the AGATA reaction chamber is
lso shown, in cyan.

New CAEN V2740 64-channels 125 MHz 16 bit digitizers are cur-
ently being implemented in the readout chain to considerably increase
he number of available channels. This will be particularly important
or TRACE.

.2.1. Synchronization with AGATA clock system
The CAEN digitizers are not intrinsically compliant with the AGATA

lobal Trigger and Synchronization (GTS) system. Two points are of
articular importance: (i) the AGATA clock distribution is working at
00 MHz; (ii) the clock counter is common to all the AGATA electronic
ranches and not dependent whether the acquisition is running or not,
.e. it is only reset during the alignment of the GTS tree or once the
lock reaches the roll-over over the 48 bit of the 100 MHz counter.

On the CAEN digitizer side the clock counter is reset at each start
f the acquisition and its increment depends on the board model and
irmware used. The clock signal is internally generated by the boards.
oards can be synchronized between themselves propagating the low-
oltage differential signal (LVDS) of the clock from one board to the
ext or using a LVDS clock-distribution unit. The 100 MHz GTS clock is
xtracted from a GTS VME carrier, passed through an LVDS fan-in fan-
ut (DT4700) to be propagated to all necessary boards, thus ensuring
he clock synchronization of the two systems. Dedicated Phase-locked
oop (PLL) firmware blocks were provided by CAEN for all the differ-
nt board generation. Clock synchronization is monitored during the
ata acquisition, constantly checking the PLL-unlock registers of the
AEN digitizers. In case an unlock is detected the run is stopped and
estarted.

To obtain a full synchronization of AGATA and the complementary
lectronics, it is necessary to obtain the value of the GTS clock counter
hen the CAEN digitizers are started. This part ensures using a common
IM signal propagated to the trigger-in input of the CAEN boards and

o the AGAVA VME GTS interface [1]. Both signal generation and read-
ut of the AGAVA buffer is done using a V2718 VME PCI Optical Link
ridge. The control of the board has been directly included into the
DAQ readout application, to be fully transparent for the users.

.2.2. Participation to the hardware AGATA validation
Depending on the experimental requirement, the complementary

nstrumentation read by the CAEN digitizer can be included in the val-
dation decision made by the AGATA Trigger Processor (ATP) included
n the GTS tree. The trigger-out (TRG-OUT) output of all the boards
re OR-ed using a V976 VME coincidence module. The generated OR
IM-signal is then sent to the AGAVA VME board [1] local trigger
hich generates a GTS trigger request and propagates it to the ATP.
y design, once the AGAVA detects a local trigger, the board blocks
ntil the data are read. To avoid large dead-time on the AGAVA board,

VxWorks CPU has been included in the VME crate to flush the
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buffer of the AGAVA board. Since the AGAVA data are not relevant
for the experiment during the data acquisition these data are simply
discarded.

4.2.3. Pre-trigger using the AGATA 𝛾-OR
Since the GTS trigger decision is not included in the trigger val-

idation of the complementary instrumentation, due to the latency of
the GTS response, a logical signal 𝛾-OR signal can be generated by
the AGATA electronics and sent to the complementary instrumentation.
Delays of 200–500 ns have been observed depending on the energy
of the 𝛾-rays in AGATA. The generation of the 𝛾-OR signal has been
simplified with respect to the GANIL implementation, since only early-
phase V1 electronics is used. The V1 electronics generate an LVDS
trigger signal, based on a settable threshold on the high-gain core
signal of the individual crystals. The threshold is set via (i) hardware
gross threshold (ii) slow-control fine threshold. Thresholds have been
adjusted to include energy as low as possible using the 241Am source
59 keV transition. All LVDS signals are concentrated and sent to a
V2495 programmable logic unit. In the present configuration, the
V2495 can accept up to 128 LVDS inputs, thus allowing to fully cover
all the channels of the 2𝜋 AGATA configuration using a single board.
Dedicated firmware has been developed for the boards to generate the
𝛾-OR, further improvements are on-going and will make possible for
users to set a minimum fold requirement, and better monitor the board
response.

4.3. SPIDER

The Silicon PIe DEtectoR (SPIDER) is a modular array of
trapezoidal-shaped silicon detectors for charged particles [16], that
is used to measure the ions in Coulomb excitation experiments. Each
detector is 300 μm thick and segmented into eight independent strips.
When used with AGATA, SPIDER consists of 7 detectors arranged in a
cone-like shape, as shown in Fig. 12. The detectors are mounted on a
3D-printed aluminium support frame attached to the AGATA reaction
chamber at 50◦ relative to the PRISMA entrance window. The distance
between SPIDER and the target position can span from 9 to 11 cm. The
angular coverage of SPIDER ranges from 126◦ to 162◦ for the 9 cm
distance and from 134◦ to 165◦ for the 11 cm distance (the angles are
given relative to the beam direction). The solid-angle coverage is ≈ 16%
and ≈ 12% of the 4𝜋 solid angle in the two configurations, respectively.

The energy resolution achievable with SPIDER ranges between 1.5%
and 3.3% for 5.5 MeV 𝛼 particles, increasing with the size of the
strip [16]. In Coulomb excitation experiments, the segmentation of
the particle detector, together with the position sensitivity of AGATA,
allows for achieving energy resolutions after Doppler correction of ≈ 1%
or better, for 1 MeV 𝛾-rays. In addition, SPIDER can be coupled with
the DANTE micro-channel plate array (see Section 4.6) and with the
plunger device (see Section 4.8).

4.4. EUCLIDES

EUCLIDES is an array of 40 𝛥𝐸 − 𝐸 silicon detector telescopes dis-
posed in a 4𝜋 configuration and used for the detection of light-charged
particles [13], that is used to identify the reaction channels in fusion-
evaporation reactions. The array has been successfully used previously
as a complementary device for 𝛾-ray arrays in experimental campaigns
employing fusion evaporation reactions. The particle identification via
the 𝛥𝐸−𝐸 technique and coincidence measurements with 𝛾 rays allows
reaching a high reaction channel selectivity event by event. The typical
resolution of the silicon detectors of the array range from 1% to 2% at
5.5 MeV.

The full configuration of EUCLIDES can be mounted in the reaction
chamber (see Fig. 13) of AGATA surrounding the target and covering
80% of the solid angle. Besides the full configuration, half of the array
may be installed in the chamber covering backward angles with respect
to the beam direction. This allows the coupling of the array with other

complementary detectors.
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Fig. 13. Two different CAD visualizations of EUCLIDES in gray placed inside the
acuum chamber of AGATA at 44◦.

Fig. 14. CAD visualization of the TRACE detector inside the AGATA reaction chamber.
The detector PCB supports are in green. The five detectors are mounted on a pentagon-
like 3D-printed plastic support that can move by ±10mm in order to select the desired
angular positioning.

4.5. TRACE

TRACE (TRacking Array for light Charged Ejectiles) is an array of
segmented silicon detectors in telescope (𝛥𝐸 −𝐸) configuration aimed
at performing spectroscopy and discrimination of charged particles
and light ions (see Fig. 14) in transfer reactions. It is made of up
to five detectors with an active area of 60 4 × 4mm2 square pads
arranged in a 12 × 5 configuration. The detectors are arranged in a
entagon-like shape and fixed on a custom 3D-printed frame. The 𝛥E
ayer is 200 μm thick while the 𝐸 layer is 1–1.5mm thick. Each 𝛥E pad

is acquired independently while the 𝐸 pads are grouped 15 by 15,
although different grouping (or no grouping, with some limitations)
are possible. The common back electrode of both crystals is read-out
mainly for triggering purpose. In this way each detector outputs a total
of 64 anodic channels and 2 cathodic ones. The detectors are placed at
a distance of 62mm from the target and can be moved along the beam
axis of ±10mm. In this way the angular coverage spans from 30°–41° to
0°–57°.

Thanks to the good angular and energy resolution, TRACE can
e profitably used to improve the Doppler correction on the HPGe
spectra. PSA (Pulse-Shape Analysis) is performed on the anodic

ignals in order to extend the particle-discrimination capabilities [29]
f the detectors at low energies [30].

Detectors can be connected either to the common pre-amplifier or
o custom-designed low-noise integrated charge-sensitive pre-amplifiers
15,31–33] with a linear dynamic range of 40 MeV extended to up-to
00–800 MeV using the Time-over-threshold technique for saturated
ignals [34,35].
8

Fig. 15. CAD visualization of four DANTE detectors, in green, mounted in the reaction
chamber to cover the forward angles. The target holder in yellow. The AGATA reaction
chamber is also shown, in gray.

4.6. DANTE

DANTE (Detector Array for multi-Nucleon Transfer Ejectiles) is
an array of Micro-Channel Plate (MCP) detectors designed to detect
charged particles and heavy ions [22] in multi-nucleon transfer and
fission reactions. The modular array consists of 1–8 single detector
units, which can be arranged in different configurations in within the
AGATA reaction chamber. The wide range of covered angles, including
the forward angles, makes it practical for a broad range of experiments,
employing reaction mechanisms such as multi-nucleon transfer [36],
fusion–fission and Coulomb excitation. Each detector consists of a
Mylar foil which produces the primary electrons when hit by a charged
particle, two MCP 40 × 60 mm2 each, providing a fast-timing signal
with a resolution of ∼ 200 ps and two delay-line signals providing the
hit position with a resolution of ≤1 mm. Each detector is equipped with
a cross mask used for the position calibration. The intrinsic efficiency
of a single detector ranges from about ∼70% for light particles, up
to ∼100% for heavy ions. The detectors are biased with a 2–3 kV
potential. The fast-timing and the signals are pre-amplified with the
Philips 6955 amplifiers, processed with Constant Fraction Discriminator
(CFD) modules and, for the position determination, then fed to a TAC
module. Four DANTE detectors mounted to cover the forward angles
within the reaction chamber can be seen in Fig. 15.

DANTE can be coupled to the SPIDER array (see Section 4.3),
covering the −20◦ –+20◦ angles in 𝜙 and ∼15◦ – 75◦ in 𝜃 for the
forward-angle configuration or ∼100◦ – 115◦ in 𝜃 in backward-angle
configuration.

4.7. LaBr3:Ce

An array of LaBr3:Ce [37,38] will be coupled to the AGATA array for
fast timing measurement and for high-energy 𝛾-ray spectroscopy. The
array consist of seven (7) 3’’×3’’ and eight (8) 2’’×2’’ BrilLanCe 380
LaBr3:Ce, produced by Saint Gobain. A total of 10 scintillator detectors
will be mounted on the honeycomb as shown in Fig. 16. In order to
avoid mechanical clashes with the AGATA triple clusters, the closest

possible distance between the front face of the LaBr3:Ce detector and
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Fig. 16. CAD visualization of the LaBr3:Ce detectors (in green) allocated inside the
GATA honeycomb (in pink).

Fig. 17. CAD visualization of the new AGATA plunger. The plunger is placed on the
edicated support that allows the regulation of the position of the device along the
hree axes and the rotation of it (left). CAD visualization of the plunger coupled to
PIDER (in yellow).

he target position will be of 255 mm. This setup cannot be used in the
inal 2𝜋 configuration where we will have 27 ATCs in the structure.

The measured photo-peak efficiencies using a 60Co source, for the 3’’
× 3’’ detectors at 1.3 MeV are around 1.4 × 10−1% for one scintillator.
Simulated photo-peak efficiencies for the smaller size LaBr3:Ce at the
closest distance from the target position are expected to lie at around
1.8 × 10−2%.

4.8. Plunger

The plunger is a device used to measure lifetimes of excited states
in the range between 10−9 to 10−12 s using the Recoil Distance Doppler
Shift (RDDS) method [39]. This device allows one to change the
distance between the target and a degrader (or stopper) in a range from
few micrometers to few millimeters with a sub-micrometric precision.

A new support, presented in Fig. 17, has been designed to be com-
patible with the reaction chamber of AGATA. The support is connected
to the chamber with two screws attached to the side of the chamber
close to PRISMA. The height of the support can be regulated with
millimetric precision. The support can also move along the XY plane,
allowing a horizontal regulation. Finally, the support can rotate in
order to adjust the angle of the plunger with respect to the PRISMA
spectrometer in experiments at grazing angles. The support material is
Aluminium 6082 alloy: this material guarantees a sufficient rigidity that
prevents the support from bending under the weight of the plunger.

The new support for the AGATA plunger is compatible to the
GALILEO plunger [21] and the Institut für Kernphysik (IKP) three-foil
 t
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plunger [40] that was designed for AGATA at GANIL. In particular,
experiments at 0◦ using SPIDER can be performed using the GALILEO
plunger. On the contrary, experiments involving PRISMA require larger
cones of the plunger in order to cover larger angles.

The support has been designed to allow the coupling of the plunger
to other complementary devices, in particular to SPIDER, as shown in
Fig. 17, and DANTE. In the future, it will be possible to couple the
plunger with EUCLIDES.

5. AGATA simulations

Geant4-based simulations are fundamental tools for studying the
performances of AGATA and are widely used in data analysis. The
AGATA Geant4 code [26,41–43] has been used to optimize the con-
struction of the expansion chamber, by considering different shielding
materials in order to minimize the 𝛾-ray background coming from the
beam dump (see Section 2.1). The geometry of the chamber has been
implemented by importing directly the CAD drawing, using the gdml
extension of Geant4. It is important to note that the (x, y, z) coordinate
system used in the simulation code is different from the one in the
laboratory frame of reference. One can transform one coordinate system
into the other by applying a counter-clockwise rotation of 270◦ with
espect to the z axis (which is the same in the two systems).

Two different Geant4 views of 13 ATCs, as installed at LNL, are
resented in the panel (a) of Fig. 18. The empty space with missing
etectors is used to accommodate the beam pipe. In the pictures, the
pherical angular coordinates are shown. In panel (b) of Fig. 18, the
imulated efficiency for a 1332-keV 𝛾 ray as a function of the AGATA
etector angles is displayed in red for the nominal position and in green
or the close-up one. The angular efficiency is crucial for planning and
nalyzing experiments devoted to lifetime measurements.

The simulated detection efficiency for 13 ATCs and for 𝛾 rays
p to 10 MeV is displayed in Fig. 19. The different sets of points
efer to: (i) Calorimeter efficiency, where the energies from all central
ontacts have been summed up [nominal (red squares) and close-up
green squares)], (ii) Tracking efficiency, i.e. making use of the tracking
lgorithm [44,45] to reconstruct the traces and energies of the 𝛾 rays
nominal (red circles) and close-up (green circles)], and (iii) Core
fficiency, where the core energies are directly used without applying
he tracking algorithm [nominal (red triangles) and close-up (green
riangles)]. For the sake of completeness, we report in Fig. 20 the sim-
lated efficiency for the 2𝜋 AGATA configuration including 27 ATCS.
inally, the simulated AGATA efficiency for in-flight 𝛾-ray emission at
332 keV is shown in Fig. 21 as a function of the nucleus velocity. As
bserved in the picture, for 𝛽 = 20% the efficiency decreases from 6%
o 4.5%. However, typical 𝛽 = 10% values or less are expected for the
urrent LNL campaign.

. Conclusion

The installation of AGATA 𝛾-ray array spectrometer 2𝜋, that will
onsist of up to 27 ATC has been implemented at Laboratori Nazionali
i Legnaro (INFN). The AGATA array is currently coupled to the mag-
etic spectrometer PRISMA and a second configuration is foreseen with
GATA at Zero Degrees along the beam line. The physics campaign,

hat started in May 2022, envisages the exploitation of the stable
eams from TANDEM-PIAVE-ALPI as well as the radioactive ion beams
rom SPES to realize an ambitious physics program with AGATA and
arious complementary detectors such as the PRISMA spectrometer, the
article detectors EUCLIDES, TRACE, SPIDER and GRIT, the neutron
etector NEDA, the gamma-ray spectrometer PARIS, the plunger device
nd the heavy-ion detector DANTE, as well as the cryogenic and gas jet

argets CTDIR and SUGAR.
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Fig. 18. (a-Left Panel) View of the AGATA array with 13 ATCs, showing the coordinate system. (a-Right Panel) Same as before, rotated view. The 𝜃 and 𝜙 spherical coordinates
is indicated in white. (b Panel) Tracking efficiencies for the nominal (red line) and close-up (green line) positions as a function of the 𝜃 angle, for a 𝛾 ray of 1332 keV. The
integrated area under each of the two curves gives the total tracking efficiency at 1332 keV for the associated configuration.

Fig. 19. Calorimeter efficiency [nominal (red squares) and close-up (green squares)], Tracking efficiency [nominal (red circles) and close-up (green circles)], Core efficiency
[nominal (red triangles) and close-up (green triangles)]. The simulations consider the AGATA configuration with 13 ATCs. The wide energy range considered goes from 40 keV
up to 10 MeV.
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Fig. 20. Calorimeter efficiency [nominal (red squares) and close-up (green squares)], Tracking efficiency [nominal (red circles) and close-up (green circles)], Core efficiency
[nominal (red triangles) and close-up (green triangles)]. The simulations consider the AGATA 2𝜋 configuration with 27 ATCs.
Fig. 21. Tracking efficiency at 1332 keV for the nominal (red) and close-up (green) configurations, as a function of the 𝛽=v/c parameter. In the simulation, the AGATA configuration
with 13 ATCs was considered and the velocity vector is directed along the 𝑧 axis.
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Egea Canet, L. Grassi, K. Hadyńska-Klȩk, G. Jaworski, S. Lunardi, R. Menegazzo,
D.R. Napoli, F. Recchia, M. Siciliano, J.J. Valiente-Dobón, The 4𝜋 highly-efficient
light-charged-particle detector EUCLIDES,f installed at the GALILEO array for in-
beam 𝛾-ray spectroscopy, Eur. Phys. J. A 55 (4) (2019) 47, http://dx.doi.org/
10.1140/epja/i2019-12714-6.

[14] J. Bradbury, D. Testov, S. Bakes, A. Goasduff, D. Mengoni, J. Valiente-Dobón,
G. de Angelis, D. Bazzacco, C. Boiano, A. Boso, B. Cederwall, M. Cicerchia,
G. Colucci, P. Čolović, F. Didierjean, M. Doncel, J. Dueñas, F. Galtarossa, A.
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