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Abstract

A study of the identification properties and of the energy response
of a Si-Si-CsI(Tl) ΔE-E telescope exploiting a partially depleted sec-
ond Si stage has been performed. Five different bias voltages have been
applied to the second stage of the telescope, one corresponding to full
depletion, the others associated with a depleted layer ranging from
60% to 90% of the detector thickness. Fragment identification has
been obtained using either the ΔE-E technique or the Pulse Shape
Analysis (PSA). Charge collection efficiency has been evaluated. The
ΔE-E performance is not affected by incomplete depletion. Isotopic
separation capability improves at lower bias voltages with respect to
full depletion, though charge identification thresholds increase.

In recent years, intensive experimental work of the FAZIA Collabora-
tion [1,2] has been devoted to improving the nuclear fragment identification
based on Pulse Shape Analysis. Since an improvement of PSA isotopic iden-
tification capabilities in partially depleted Si detectors had been observed
in preliminary tests, a systematic study of PS identification capabilities of
underdepleted Si detectors has been undertaken [3].

The second stage of a standard FAZIA telescope, Si2, has been biased
at five different voltages (see tab.1). In fact, the PSA performance can be
better studied on Si2 since charge and mass of the fragments stopped in Si2
can be obtained from the ΔE-E technique applied to fragments that punch
through the first stage of the telescope.

Table 1: Main features of the detector at different bias voltages.
Voltage (V) 105 130 200 235 290
Depletion depth (μm) 310 340 420 460 510
Undepleted layer (μm) 200 170 90 50 0

The data were collected in Catania at Laboratori Nazionali del Sud
(LNS) of INFN. The beam was 84Kr at 35A MeV impinging on 112Sn and
197Au targets. A telescope composed of Si 300 μm-Si 500 μm-CsI(Tl) 10 cm,
was mounted in the Ciclope scattering chamber, at a distance from target of
50 cm and at 8◦ polar angle with respect to the beam line, covering about
2◦ in polar angle. According to the usual FAZIA recipe for optimizing the
PSA performance, both silicon detectors were mounted with the ohmic (low
field) side facing the target [4]. The Si detectors were of the neutron trans-
mutation doped type for a better doping uniformity and cut at a random
direction to avoid channeling effects [5]. They where connected to PACI
preamplifiers placed under vacuum very close to the detectors. Signals were
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then brought outside vacuum and connected to custom made digitizers [2].
For Si2, since charge collection times in an underdepleted detector can be
longer than at full depletion, the length of acquired signals has been set to
70 μs (maximum length allowed by the FEE signal memory).

An accurate study of the charge collection efficiency showed for the two
lowest biases a dependence on the range of the stopped fragments: the
higher the range of the projectile, the better the collection efficiency of the
detector (about 98% for particles that punch through Si2). We find that
it is possible to reproduce the behaviour of the collection efficiency with
a simple formula exploiting the variation of the stopping power along the
particle track. Details can be found in [3].

Figure 1: ΔE-E and PSA correlations obtained at the highest (top panels) and
lowest (bottom panels) bias voltages.

Coming to the ΔE-E identification of fragments, the left panels of fig.1
show the correlations obtained at the highest (top panel) and lowest (bot-
tom panel) bias voltages applied to Si2. No significant degradation of the
isotopic separation can be spotted in the figure though at 105 V, Si2 is only
depleted by 60%. The right panels of fig.1 show the PSA correlations (“En-
ergy in Si2 vs maximum of current signal”) obtained at the highest (top
panel) and lowest (bottom panel) bias voltages. The comparison evidences
a sizable improvement of the identification capabilities of the detector when
underbiased.
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The energy threshold for discrimination can be quantitatively evaluated
for each element by calculating a Figure of Merit as a function of fragment
energy [2, 3]. Figure 2 presents the energy threshold for identification both
in mass (left panel) and in charge (right panel) as a function of the atomic
number Z. One can observe that the lower the applied voltage, the higher
the energy threshold for charge identification for a given Z and the larger
the maximum Z for which isotopic identification is achieved. A doping
uniformity of about 1% FWHM, or less, would be needed to discriminate
isotopes via PSA in a totally depleted detector [6]. The doping uniformity
of the detector under test is about 6%: in fact only when underbiased it has
been found capable of identifying isotopes, even though in a reduced energy
domain.
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Figure 2: The energy thresholds respectively for isotopic identification on the left,
for charge identification on the right.

As a conclusion, we observed a relatively high charge collection efficiency
(more than about 90%) even when only 60% of the detector thickness is de-
pleted, identification via ΔE-E is not affected by underbias, isotopic iden-
tification via PSA improves with underbias though one gets higher energy
thresholds for charge identification with respect to full depletion.
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