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Campaign of measurements to probe the good
performance of the new array FARCOS for
spectroscopy and correlations.
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Abstract.

During the last four years, several measurements have been carried out where the capabilities
of FARCOS array were tested. In some of this occasions, FARCOS was coupled to the 47 array
CHIMERA, permanently placed at INFN-Laboratori Nazionali del Sud, Catania in order to be
tested in real experimental measurements. At the present situation, the FARCOS demonstrator
is formed by 4 telescopes out of the originally 20 that will constitute the final array. Here
are presented some preliminary results obtained with the new array, probing its qualities and
showing the effectiveness of FARCOS telescopes. The initial encouraging results support the
construction of the complete array.

1. Introduction

The FARCOS array (Fentoscope Array for Correlation and Spectroscopy) is a new detection
system under construction. It is formed by telescopes composed of Double-Sided Silicon Strip
Detectors (DSSSD) of 300 and 1500 pm thickness in the first and second stages respectively,
and a third stage formed by four CsI(Tl) crystals of 60 mm thickness (see Fig. 1), having 132
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Figure 1. FARCOS telescope composition. Left image shows one of the FARCOS telescope
assembled, while in the image on the right are show the components of each telescope: two
DSSSD 300 and 1500 pm thickness respectively, and 4 CsI(T1) crystals (60 mm each) at back,
covering the same active area than the silicon detectors (64 x 64 mm?).

detection channels in total by telescope. Presently the array (composed of 4 telescopes) is
working as demonstrator of the final one, that will be formed by 20 telescopes.

The research program for FARCOS will be to study the particle-particle correlations at
intermediate energies and spectroscopy of deep inelastic scattering for stable and radioactive
nuclei reactions [1-4]. Moreover, considering the versatility of the array, FARCOS could be used
for many other kind of studies.

In particle-particle correlation studies, good reconstruction of the relative energy depends
on the angular and energy resolution of the detector. High energy resolution is also required
in spectroscopy studies where it is very important to separate close-lying energy states. For
this reason, several tests were done to estimate the performance of each identification stage of
the FARCOS telescopes, with special attention to energy resolution. During the last 4 years,
different array components have been tested, in order to probe the capabilities of the detectors,
electronics and digitalization systems [5]. Moreover, FARCOS has been included as part of the
set-up in four nuclear physics measurements. At such experiments, FARCOS was used as an
auxiliary detector since it was still in the construction phase. In the following sections, some
of the preliminary results achieved with the FARCOS demonstrator are shown. The positive
results achieved so far, are promising enough to proceed with construction of the full FARCOS
array.

2. Qualification of CsI(T1) crystals.

The first test of the FARCOS components was related with the third stage of each telescope,
composed by 4 CsI(Tl) crystals manufactured by Scionix [6] (60 x 32 x 32 mm?3). The light
collected on each crystal is detected by a Hamamatsu 18x18 mm PIN diode S3204-08. In order
to test the crystal uniformity and resolution, a test with alpha beam (624 MeV) scattered by
208Ph targets was carried out. Using a DSSSD in front of the crystals, it was possible to map
the impact position over the crystal surface, achieving a good method to improve the resolution
of the crystal. In Fig. 2 the pixelation of the crystal signal is presented, and how the energy



XXXIX Symposium on Nuclear Physics 2016 (Cocoyoc2016) IOP Publishing

Journal of Physics: Conference Series 730 (2016) 012001 doi:10.1088/1742-6596/730/1/012001
3 4500
> 4000
3500
3000
2500
. 2000 =

e 1 t - 1500
= - / 1 1000
— « . 500

005 - TS 0780 200 220 240 260 280 300

:' 1 EnergyiMeV)

0 .
Eucm
'05 5000
4000
-1 e > 1A 3000 ;

14,75 014 2009
91*1210 8\‘ ) /,,.r"é{“ 12 \ 1000

)y %6 ™| Ly 6 Pue | SEPUUUTTURTTIUT | B

e P 4 180 200 220 240 260 280 300

2 0 2 Energy(MeV

Figure 2. Light response for one CsI(T1) crystals of FARCOS (left) and energy spectrum before
and after correcting for the light response of each pixel with respect to the average response
over the entire crystal (right). (Taken from [7]).

signal can be corrected for light response non-uniformities in the crystal. As is shown in Fig.
2 (right side) the energy resolution of CsI(Tl) spectra improve from 0.8% to 0.5%, after taking
into account the light response of each pixel with respect to the average response of the crystal.
More details of this test of crystals can be found in [7].

In order to test the CsI(Tl) crystals resolution, a standard Charge Sensitive Pre-amplifier
(PAC) was used, with gain of 90 mV/MeV to process the signals with two different data
acquisition systems: analogue acquisition with commercial 16-channel NIM Amplifiers and a
VME QDC and digital acquisition of PAC signals with GET electronics [9]. In both cases the
resolution reached was similar, around 3% FWHM, which is sufficient for FARCOS scientific
goals. Fig. 3(a) shows, for instance, a triple alpha source spectrum obtained with the standard
analogue acquisition system.

3. DSSSD characterization.

For the case of the DSSSD used for FARCOS, several tests have been performed during the last
4 years including resolution tests with analogue and digital electronics and inter-strip effects.
The DSSSD’s were manufactured by Micron Semiconductor [8], and each detector has 32 vertical
strips on the front side and 32 horizontal strips on the rear side, with a total active area of 64
x 64 mm?, and resulting in 1024 pixels of 4 mm?. The signal for each strip is connected to a
kapton cable ending with a 34 pin female connector.

For the case of analogue readout, different tests were carried out comparing commercial pre-
amplifiers (Mesytec modules [10]) and a dedicated design (32 channels pre-amplifiers developed
by INFN-Milano and Politecnico di Milano) [11]. For both configurations amplifiers from
CAEN [12], that are currently used for the CHIMERA silicon detectors, were employed. For the
analogue set-up, a resolution around 30 keV was achieved for both kinds of pre-amplifiers. Fig.
3(b) shows an example of a triple alpha spectrum for the analogue electronic chain. By using
digitizers, the resolution can be improved as was demonstrated when the tests were carried out
using SIS3301 [13] digitizing modules at the output of a Anti-Aliasing Amplifiers (AAA) [14].
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Figure 3. (a) Triple alpha spectrum for a FARCOS CsI(Tl) crystal by using analogical readout
and standard DAQ, achieving a good resolution of 180 keV. (b) Triple alpha spectrum for
a FARCOS 1500 pm DSSSD obtained with analogical electronics and standard DAQ. The
resolution achieved is around 26 keV.
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Using this electronic chain it was possible to reach a resolution around 15 keV for each strip
on DSSSD’s. The Fig. 4 shows the proton pulse beam calibration spectra taken from the data
measured in the DEFEL-line at LABEC facility at Florence, Italy, during experiments dedicated
to the study of inter-strip effects. A detailed description of these experiments can be consulted
in [15].

4. Testing of FARCOS telescopes with nuclear reactions.

In order to test the capabilities of FARCOS demonstrator, it was mounted in four different
measurements as part of the set-up of each experiment. These campaign of experiments was
carried out during the last two years, in all of them the telescopes of FARCOS were placed in
different geometries, according with the experiment needs. The studies to support each measure-
ment will be described in further publications where a detailed description will be presented.
Here we will show just some of the preliminary results achieved with FARCOS. The experi-

500 - T T T T T T T 7
160
5x 1 x 3MeV proton

Figure 4. Energy spectrum collected
400 F s 1207 11 in the case of 3 MeV proton interaction
3x ‘g goil %ng;/ | on one strip of the front side with a
8 — < pulse beam from DEFEL line at LABEC,
] a0t {7 INFN-Florence. The number of ions in a
< X bunch reflects their statistical distribution
8200_ ES o i an 12 in the original be'am; as a resglt, "che
ADC channel spectrum envelope is roughly a poissonian
b 1x 1 distribution.  The insets show a detail
—l 12:3)( ?rlc\J/lr:at\/siZ%otszg 12 of the single proton peak together with
fae its Gaussian fitting that allows extracting
T 1 the peak centroid and FWHM. With this
0 ‘ 1 , | system, the resolution improves 50% with
0 2000 428% Chan?]%?o 8000 10000  regpect to the standard electronic chain

(taken from [15]).
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Figure 5. Preliminary spectra from INKIISSY experiment data related with FARCOS
demonstrator. (a) E-AE spectrum combining 1500 ym DSSSD (AE) and CsI(T1) (E) signals.
(b) Fast-Slow spectrum coming from the particles detected by CsI(T1) crystals. Both spectra
show the excellent resolution of a FARCOS telescope for mass and charge separation.

ments have the following labels: INKIISSY [16-18], CLIR [19], SIKO [20] and PIGMY [21].
All of them were performed at Laboratori Nazionali del Sud, Catania, Italy, employing the
CHIMERA multi-detector array [22] as the primary detection system. We present here some

of the preliminary results related with FARCOS obtained during two of these measurements:
INKIISSY and PIGMY.

During the INKIISSY experiment, many nuclei were produced coming from the 24Xe+5%4Zn
reaction at 354 MeV. In this experiment, the FARCOS demonstrator was placed at Orq =
(20—40)° from the reaction plane, covering a solid angle where typically 8 CHIMERA telescopes
are mounted as part of the spherical detection configuration of the array. The preliminary results
for particle identification using the FARCOS components are presented in Fig. 5a and b, where
E-AE and Fast-Slow spectra are shown. For the particle identification spectrum using 1500
pm DSSSD and CsI(T1) detectors, it is possible to see with an excellent energy resolution the
isotopes corresponding to M23H, 346He and %7Li; at the same time, using Fast-Slow technique
with the CsI(T1) crystals, p, d, t, *He and *He isotopes are as well clearly identified.

For the PIGMY experiment, FARCOS was placed close to 614, ~ 0°, in order to have infor-
mation about production of the ®Ni nucleus from the fragmentation generated by the °Zn+Be
reaction at 404 MeV. The spectrum in Fig. 6 shows the mass and charge separation using the
E-AE technique. On the spectrum, masses 65, 67, 68, 69 and 71 can be easily identified, making
possible the isolation of %®Ni between many other species, which was part of the goals of the
experiment.

5. Perpectives and conclusions.
We showed in the previous sections the very good performance of the FARCOS array. The
performance assessment done so far open the way to the new development phase, taking place
in the next two years.

During this next stage of development, dedicated very-large-scale integration (VLSI) charge
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Figure 6. Energy spectra coming from data taken with FARCOS system at the PIGMY
experiment. Mass and charge separation (®®Ni, for instance) can be easily observed by using the
E-AE technique in silicon detectors. See the text for more details.

pre-amplifiers will be designed for the DSSSD and CsI(Tl) crystals. Considering the good
resolution observed with digital data acquisition, the new electronics for the readout has been
particularly designed to be compatible with this kind of system. The improved telescope will
equipped with an ASIC (for DSSSD and crystals) coupled to the telescope, in order to make
a compact cluster, where just a few cables will control everything coming from the detectors
(bias, test, signal and low-voltage). A preliminary design of the new telescope is show in Fig. 7.
Moreover, a complete mechanical system is under design, in order to hold the complete array
(10 telescopes first, and 20 for the whole array). This new structure will be designed not just
to hold a given geometry of the array, both also to stabilize the temperature of the system.

In conclusion, the FARCOS demonstrator has shown very good characteristics in position
and energy resolution, even when used as a telescope. A variety of tests of electronic devices
have resulted in digital electronics being chosen for the case of Silicon detectors. Several
tests that have been carried out with FARCOS demonstrator have proven the very good
performance presented by such a system. Even under realistic conditions, the FARCOS array

Figure 7. Rear view of the new design
for a FARCOS telescope. Four dedicated
ASIC boards will be mounted to the
telescope (two are shown in the drawing),
to manage the signals and bias voltages
from DSSSD’s, to which are connected by
means of kapton cables. In the rear-middle,
a single circuit will manage voltages and
signals for four CsI(Tl) crystals.
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has been a valuable plug-in supporting for the experiment and collecting data relevant for such
measurements. During the coming years FARCOS will continue being used for further tests of
new electronics and to support other measurements.
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