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A simple Pulse Shape Analysis method for the determination 6 the
number of interactions and their radial localization inside one HPGe seg-
mented detector segment is presented. The algorithm procegs only the
net charge signal using a fast comparison procedure with a tsis of refer-
ence signals. The e ciency of the algorithm calculated for @0 keV -rays
ranges between 65 to 95% depending on the complexity of the alyzed
event. The algorithm has been applied to real signals acquéd during an
in-beam test of the MARS 25-fold segmented HPGe detector.

PACS numbers: 29.30.Kv, 29.40.Gx, 29.40.Wk

1. Introduction

High resolution -spectroscopy measurements with radioactive beams at
relativistic energies have to be performed under critical onditions, espe-
cially due to the low beam intensity, the high background radation and the
presence of large Doppler Broadening e ects. In this kind of reasurements
it is therefore required the development of high-purity Ge etectors capable
not only to cover the largest fraction of solid angle around he target but also
to reconstruct the trajectory of each -ray interacting into the array. The
AGATA (Advanced GAmma Tracking Array) project [1] is a colla boration
between 12 European countries and more than 30 institutionsvhich have
been established for the construction of a detector array ksed on such track-
ing technologies [2]. One of the critical points in the recostruction of the
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gamma ray path inside a detector is the localization, withinfew millimetres,

of the gamma-ray interaction position. Since such a precien is far beyond
the level that can be reached segmenting the detector electde [3], this
position information has to be obtained through an analysisof the shape
of the electronic impulse acquired from the HPGe detector (Rlse Shape
Analysis). The nal tracking e ciency of the whole array and also its ac-
quisition counting rate performances strongly depend on th performances
of the PSA routines [4]. For this reason high-e ciency PSA alorithms that

can be applied in real time are needed. A simple PSA method thaallows

the identi cation of the number of interactions inside a detector segment
and their radial localization will be described. This procealure allows the
computing time which is required to analyze one event to scal linearly with

the number of interactions that have to be disentangled.

2. Algorithm description and radial sensitivity

The algorithm presented here identi es the number of interations and
their radial localization inside one detector segment. In kg. 1(a) the calcu-
lated current pulse shapes for di erent radial localization of the interaction
points inside a segment of a coaxial cylindrical geometry dector are repre-
sented. It can be noticed that there is a clear correspondepcbetween the
current pulse maximum position and the radial coordinate ofthe interaction
point.

A second important feature is that, in a small window around ts maxi-
mum, the shape of the current pulse is determined mainly by te character-
istics (x;y;z; E) of only one interaction also in a multiple interaction event
(see Fig. 1(b)). This allows to analyze the hits in a sequenéil way and to
limit the comparison between the detector signal and the bas signals in
a small window around the maximum.

On the basis of the previously mentioned properties an algathm, from
now on identied as Recursive Subtraction algorithm (RS), an be con-
structed. The RS algorithm will:

(i) Find the maximum of the current pulse.

(i) Find within a pre-calculated signal-basis the signal whichbetter re-
produces the measured one around the maximum.

(iii)y Subtract it from the measured one.

(iv) If the decomposed interactions reach an energy weight of 19 stop
the algorithm, otherwise go back to step(i) . The procedure is repeated
up to K times, whereK is the maximum number of interaction that
we expect to nd in one segment (usuallyK =2 3).
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Fig.1. The current signals calculated for a simple cylindrcal 24-fold segmented
HPGe detector for di erent radial coordinates (a). The inte raction points associ-
ated with the represented set of signals have all the same vaé¢ of z (=0 cm) and

(= 29 ). The radial coordinate starts from R = 0:6 cm for the pulse with the
rightmost positioned maximum. The following signals (from right to left) corre-
spond to a radial coordinate respectively ofR =1:0, 1.5, 2.0, 2.5, 3.0 and 3.5 cm.
In the coordinate system used thez axis coincides with the cylindrical crystal sym-
metry axis and the z = 0 plane lies in the middle of the segment. The value of
coordinate is0 in the centre of the segment and 30 respectively at the edges.
The current signal produced by an event with two IPs is indicaed with the contin-
uous line (b). The rst hit has deposited 60% of the total energy at R = 3:5 cm,

=20 and z =0. The second IP has been positioned aR = 0:6 cm with the
same and z. With the dotted line the event relative to the rst IP plus a ¢ onstant
is plotted.
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Fig.2. In the 3 panels the position in time of the current pulse maxima is plot-
ted against the value of the radial coordinate of the associd interaction point.
The rst set of signals (a) has been analytically extracted for a simple cylindrical
24-fold segmented HPGe detector [5, 6], the second (b) numieally calculated for
the 25-fold segmented MARS detector geometry [7], and the tind (c) is a set of
measured signal acquired during a scan of an AGATA capsule [8].
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The radial sensitivity of the algorithm has been tested on far di erent
set of signals, three of them theoretically calculated whé one has been mea-
sured (see Fig. 2 and 3). In all cases it has been possible to tdathe current
pulse maximum position of the signal with a precise radial loalization of the
interaction point inside the detector. In Fig. 2, the radial dependence in true
coaxial segment or middle positioned segment is shown. Ugjrthe MGS [10]
calculated basis signals, it has been possible to check thercespondence be-
tween the position of current pulse maxima and the spatial lgalization of
the associated Interaction Points (IPs) in all the AGATA geometry crystal.
This is shown in Fig. 3, where the interaction points with di erent position
of the current pulse maximum are labelled with di erent colours. It can be
seen that the coloured regions are well separated. Conseauly, the mea-
surement of the current pulse maximum position gives information on the
localization of the interaction point also in segments thatare in the frontal
part of the crystal, namely with a geometry very di erent fro m a true coaxial
one.

Fig. 3. Representations of the MGS calculated grid for two sgments (one in the
front end (left panel a) and the other in the back part (right p anel c¢)) of an
AGATA geometry 36-fold segmented HPGe detector. A di erent label is associated
to each point of the grid depending on the position of correspndent current pulse
maximum.

3. Results of the tests

The RS algorithm has been tested on a dataset of 600 keV simu&d
events, in which the whole energy has been released insideeosegment of
the quasi-true coaxial part of the MARS detector. All the andyzed signals
have been convolved with the measured response function di¢ MARS [11]
preampli er and real noise (sampled at the output of a preamfi er of the
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MARS detector) has been added. A fth order low pass Iter with all the
poles at a frequency of 10 MHz has been applied. The IPs have dre ran-
domly distributed inside the segment and their energies haw been randomly
distributed as well.

A success is de ned only when the number of IPs is correctly ienti ed
and the radial coordinate of each IP is matched within 5 mm. Inall the tests
the RS algorithm searches up to three IPs. The set of simulatesignals used
for the tests is composed by a mixture between events with a adirent num-
bers of IPs: 73% of one-IP events, 22% of two-IPs events andehremaining
5% of three-IPs events, as predicted by a GEANT simulation rported in
Ref. [11].

The values reported in Table | represent the e ciency results obtained
applying the RS algorithm to the described set of signals fodi erent values
of the bu er size N. The N parameter is proportional to the CPU power
needed, and should be adjusted depending on the experimehtdata pro-
cessing rate requirements. In any case, for values bf greater than 50, the
improvement in e ciency becomes less signi cant due to satwation e ects
(N approaches the number of points in the signal basis grid thaare eligible
to represent the location of the rst decomposed interactia).

TABLE |

The percentage of the events in which the number of IPs has beecorrectly identi-
ed and correctly localized in terms of the radial coordinate. The events, according
to the result of GEANT simulations, are composed of 1, 2, or 3 gmma interactions
points (IPs) inside the considered MARS detector segment (Ps = 1 3). See text
for the description of the algorithm parametersM and N.

M=1|M=2|M=3
IPs 13 13 13
N=1 72%
N =3 78% 82%
N =5 80% 84% 88%
N =10 83% 87% 91%
N =50 85% 88% 93%

Since the algorithm is a pre-process one, we introduced theopsibility of
sending to the following PSA code more than one solutionl number of
solutions accepted by the following code). Of course by inemasingM we in-
crease the probability that the right decomposition is incuded in the output.
As clearly shown in the table the results are extremely encaaging providing
a correct signal-decomposition in approximately 80 90% othe events.
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The algorithm has been also tested on a set of measured sigaacquired
during an in-beam test of the MARS segmented detector [10]. nl this case
the transition of interest was at 847 keV. Only the events in vhich the whole
energy has been released in a segment belonging to the quasie coaxial
part of the MARS detector have been selected. From the applation of
the RS algorithm to the experimental signals it has been podisle to extract
both the interaction numbers and the radial distributions. In Fig. 4 such ex-
perimental distributions are compared to the ones resultig from a GEANT
simulation of the experiment. While the expected hit distribution is nicely
reproduced (see Fig. 4 (a)) the experimental radial localiation distribution
deviates from the theoretical one in the outer part of the deector, namely
forr > 2cm. Since such e ect has been also observed analyzing the saset
of data using a genetic algorithm [11], a technique totally ndependent from
the RS algorithm, the observed deviation it is not probably due to the re-
construction processes but to a miss-correspondance bewvethe calculated
basis and the real signals coming from the detector outer pér
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Fig. 4. Comparison between calculated and measured distrilttions for the number
of IPs per event (a) and for the radial localization of the IPs (b).

4. Summary

In this paper a new simple and fast algorithm to extract the number of in-
teraction points and their radial localization is discussé. The algorithm has
been tested on simulated events producing very encouragingsults in terms
of e ciency, furthermore it has been applied on measured sigals acquired
in real experimental conditions with the 25-fold MARS detedor obtaining
a reproduction of the gures produced with a GEANT simulation of the
experiment. The results of performed tests show that the apmximations



A PSA Algorithm for Segmented HPGe Detectors 1309

on which the algorithm is based are generally valid and thatt is able to
successfully decompose the great majority of the events. larder to check
the e ciency of the algorithm on signals from a 36-fold AGATA geometry
crystal and also its Doppler correction capabilities further tests on the real
data on the AGATA triple symmetric cluster are planned.
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