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Gamma-ray Tracking with Segmented HPGe Detectors
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This paper gives a brief overview of the technical progress that can be achieved with the newly available seg-
mented HPGe detectors. Gamma-ray tracking detectors are a new generation of HPGe detectors which are
currently being developed to improve significantly the efficiency and resolving power ofrtlyednanium
detectors arrays for high-precisignray spectroscopy. They consist of highly segmented HPGe detectors as-
sociated with fast digital front-end electronics. Through the pulse-shape analysis of the signals it is possible
to extract the energy, timing and spatial information on the few interactionpsag undergoes in the HPGe
detector. The tracks of therays in the HPGe detector can then be reconstructed in three dimensions based on
the Compton scattering formula. Such a detector has been used for the first time during an in-beam experiment.
The y-decay of the Coulomb excitation of°4Fe nucleus was measured with the highly segmented MARS
prototype positioned at 135 degree. The energy resolution has been improved by a factor of 3 as compared to
standard HPGe detectors due to very precise Doppler correction based on knowledge @fittieack.

| Introduction or developed in all the constituents of an HPGe array, from
the detector to the front-end electronics. The typical feature
The future facilities for radioactive beams will allow, for the of the energy deposition of @ray is that of interacting in
first time, the exploration of a new large area of the nuclear a limited number of positionssy-tracking of this hits is a
landscape. In connection with the study of theadiation, very challenging and ambitious task. First, one has to iden-
it is important to point out that the intensity of such radioac- tify, isolate and localize each hit inside a segmented detector
tive beams is expected to be much smaller than that of stablavith pulse shape analysis based on the study of the physica
beams, Doppler Effects in many experiments are expectednechanism of the pulse generation or with Artificial Intel-
to be much stronger and an intense background of X-raysligence techniques (like Neural Networks or Genetic Algo-
could be present. Consequently, a new generation of powerrithm [1]) of the direct and induced electrical pulses pro-
ful HPGe arrays with segmented detectors is being designedduced by every interacting-rays. Second, a tracking algo-
Both in USA and in Europe several projects, based on seg-rithm has to reconstruct the real trajectory from the list of
mented HPGe detectors, have already started and are in aimteraction points through statistical techniques. The result
advanced status of realization. The objective of the moreis expected to be the complete reconstruction of the track of
recent R&D efforts is to improve the total efficiency by re- the incidenty, namely the complete description of the inter-
moving the BGO shields without affecting the P/T ratio with  acting~-ray. Worldwide efforts have been done using simu-
the use of the tracking technique, namely the reconstructionlations and proof-of-principle measurements and turned out
of the~-ray path to identify they-incident direction (for the  to be successful. The feasibility of the entire process-of
Doppler correction), the removal of the background and to ray tracking is demonstrated in this paper based on an exper-
check whether or not the was fully absorbed in the ar- iment, done at the LNL in Italy, using the MARS prototype
ray. Such development implies unprecedented R&D efforts detector.
where completely new technology has to be applied, tested
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I Segmented HPGe detectors and the weighting field method have been made for the MARS
tracking [11] and GRETA detectors. The influence of the crystallo-
graphic orientation on the drift velocity of the electrons and

Before building tracking arrays like AGATA [2] or GRETA holes '(and.therefore also on the pulse shape) is remarkgble,
[3], the design and performance of single segmented detec_espemally in the front cap of the detector. Geant [14] sim-

tors has to be tested and evaluated. It is a crucial point toUlations of single and multiple-interactions were done to
decide the design of the single modules which will be in- get information about signal distribution [12] and mainly to

serted into the # tracking arrays. It is of great importance Qevelop tracking algorithms based on the ComPtO” scqtter—
to study the behaviour of these detectors under real exper"9 forr.nulla [13] to reconstruct the, path of the mtgractlng
imental conditions, as well as the properties like eventual y-raé/s |hnS|o:e the detek(?tor. -:—WO_rEam types gf ﬁlggrltf:(m arke
cross talk, transient signals, superposition of signals in one!S€d. t ec uster trac Ing algorithm [14] and t € bac 'Frac i
segment, long time performance, heat flux etc. The perfor-1"d algorithm [16]. A major part of these R&D projects is to

mance of the arrays built out of these segmented detecto€VEIOP newly digital electronics for signal processing and

modules will be much higher than that of present arrays (Eu_ampl!flcann. Pulse shapes have bgen simulated [%7] a}nd
roball, Gammasphere, GASP...) with an total efficiency of aIgothms havg been pleveloped to disentangle multiple In-
about 50% and a P/T better than 60% for single gammas oftéractions [18] in the single segments. For tests and experi-
1 MeV. The total efficiency is calculated to be about 30% MENts with the MARS prototype the pulse shapes are mea-
for high multiplicity y-events, this means one order of mag- Sured with a DAQ system made by an array of seven dig-
nitude better than the actual arrays. Both in USA and in ital oscnlpscopes. The signals from the preamplifiers were
Europe several projects, based on segmented HPGe deteé—torecj Wlth asampllng rate of 200 MSampIes/s and a resolu-
tors, have already started and are in an advanced status of°" ofE_% bit. The oscilloscopes are triggered by the pream-
realization. In Germany the Miniball [4] project is based on Plifier signal of the central contact of the detector. All pos-

encapsulated HPGe crystals which are six fold segmented.s'ble proof of principle tests have *_’ee” made_W|th different

The EXOGAM [5] and the VEGA [6] arrays are composed types of segmented detectors. .It_ is of great interest to test
by several segmented clovers. At the NSCL (MSU) [7] an .thelr performgpce and the fea5|plllty under in beam exper-
array consisting of HPGe crystals, each segmented into ggmental conditions. The analy_3|s of dat_a from_ segmentgd
sections (4 segments in its surface base and 8 segments ifiPGe detectors h,ave been widely StUd_'_Ed‘ First, the S19-
its depth) will be installed. Some prototypes of compact nals from the FET’s have to be preamplified and then digi-

and cylindrical 24-36 segmented HPGe detectors are already2!lY Stored. These pulses have to be analysed to disentangle
available and under study. For example, the TIGRE detectorthe three dimensional position of each interaction which has
produced the pattern of pulses. Then a tracking algorithm

at the university of Liverpool is a 24-fold detector (6x4). The h h | keth h
GRETA detector at the Lawrence Berkeley National Labo- as to reconstruct the most probable track ey may has

ratory is a 36-fold prototype segmented six ways in depth followed inside the detector. Two pieces of basic informa-
and six ways longitudinally. The 37 FET's are located and tion have to be determined. One is the first interaction point
cooled in the same vacuum as the crystal. Cold FET'’s pro—c?f the 7 impinging ,thef detector, which is necessary tq es-
vide low noise, which is important for optimising the energy timate thefy-rgy emission angle for the Doppler correction.
and position resolution. The MARS prototype detector (Fig. The second is to determlne_ the nature _of_the track, whgther
1) is a highly segmented HPGe detector manufactured byor not they has released all its e_nergyW|th|n the germanium
Eurisys with KoIn type preamplifiers. It consists of a cylin- array and therefore useful to reject background events.

drical crystal with 90 mm length and 72 mm diameter. It

has a closed-end geometry with an inner hole of 10 mm di- Fiomt .

ameter and 75 mm length. The outer contact of the detector Length: 90 mm
is divided electrically in 25 segments: six angular sections 3 1/A\B|C\D| .Diameter: 72 mm
and four transversal in depth. Cold FET’s are used. The res- 4 6 -Efficiency ~ 80 %

olution obtained with standard analogue electronics at 1.33

MeV is about 2.2 keV. With the newly developed Milano

type preamplifiers, the resolution is much better about 1.7« 25 segments (6 x4 + 1)

keV, together with a larger bandwidth and giving less noisy

signal shapes [8]. With all these segmented detectors wide Figure 1. Schematic view of the 6x4+1 segmented HPGe MARS
ranges of tests and source-experiments have been done. A prototype detector.

complete scan inside one segment usirsgpurces and a col-

limated Compton coincidence setup [9] has been done and

shows the pulse shapes as a function of the Compton interac-

tion position. Crystal orientation effects on the drift velocity |||  |n beam experiment

of the electrons and their influence on the pulse shape have

been thoroughly studied with the GRETA and MARS proto- A measurement of the-rays emitted from the Coulomb ex-
type [10] [11] [13]. Precise simulations of pulse shapes with citation of the®®Fe nucleus was made using the MARS pro-
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totype detector. The setup and the reaction has been simand impinged on a 3.7 mg/éniead target. The scattering
ulated using GEANT libraries in order to reduce as much angle was 60 degrees in the laboratory system and the cor-
as possible the Doppler broadening effect by determining responding velocity was 8% of the light velocity. The cross
the first point of interaction. The scattered particles were section for excitation of the first 2+-statetFe at this scat-
measured in coincidence with the PHOBOS Si pin-diodes tering angle is about 250 mb/sr. The 847.8 keV peak of
to control the whole kinematics of the reaction (Fig. 2). The the first transition of thé®Fe Beam was measured with a
MARS detector was mounted under 135 degree (in the labo-FWHM of 15.5 keV. Using the information of the central
ratory frame) in backward direction in the GASP setup. The angle of the segment which undergoes the first interaction
PHOBOS Si-diodes (with an opening angle of 2.6 degree) (highest deposited energy for energies higher than 500 keV)
were mounted at approximately 90 degree with respect tothe peak width can be reduced by a factor of better than two.
the MARS detector, to maximize the Doppler broadening Assuming a "perfect” tracking, position determination and
for the scattered®Fe nuclei (Fig. 2). The FWHM of the  correct reconstruction of the scattering path,one expects ar
measured peak is determined mainly by the Doppler broad-energy resolution of 2.7 keV (FWHM) as deduced from sim-
ening which is dominant over the other major contributions ulations. If a realistic position error of 5mm will be assumed
to the energy resolution as the finite opening angle of the for the simulation, the FWHM of the 848 peak will be 3.4
individual si-detectors, the energy straggling due to the en-keV (FWHM). These values have to be folded with the in-
ergy loss of the projectiles in the target before and after thetrinsic energy-resolution of the detector of 2.2 keV. There-
scattering, and the finite size of the beam spot (about 4 mmfore, the present resolution for tracking was expected to be
diameter). The®®Fe beam at an energy of 240 MeV has 4.2 keV.

been delivered by the XTU Tandem Accelerator at Legnaro

5 j : _ PHOBOS
Target 2°2Pb 3.7 mglcm? O excited 56Fe (15 Si detectors)

p~0.08 at =~ 90° with respect
to the MARS detector
ABp gy = 2.6°

T

@ ——
Beam 55Fe @ 240 MeV

MARS detector at 135°
with respect to the
beam direction
AByaps= 22°

Figure 2. Setup of the in-beam experiment done at LNL with the MARS detectéfifé beam of 240 MeV is impinging on a 3.7 mgfkem
lead target. The velocity of the scattered nuclei corresponds to 8% of the light velocity. The é&Eiteid detected in the PHOBOS Si-
detector array which consists of 15 single detectors with 2.6 degree opening anglerdyseare detected in the MARS prototype which
has an opening angle of 22 degree. The complete kinematics of the reaction is defined experimentally by deteetatys thecoincidence
with the excited?®Fe ions.

IV Results developed and verified in collaboration between the MARS
and the GRETA project. The simulated pulse shapes showec
a good agreement with pulses recorded with the coincidence
To retrieve the energy information of the digitally stored setup of the GRETA detector [3]. The effect of crystal ori-
pulses of the described MARS experiment at the LNL entation dependence of the pulse shapes was taken into ac
(Italy) the moving windows deconvolution algorithm [19]  count in the calculation of the base systems needed for the
was used. The decomposition of the signals (giving the po- genetic algorithm. Pulses, which represent one or two inter-
sition information of the gamma interaction) was done by actions of gammas in one segment of the detector, have beel
the approach developed by Th.d{rbased on a genetic al-  ysed. The genetic algorithm evolutes and aims to maximize
gorithm [1]. Weighting field calculations of different pulse possible random solutions of the problem regarding their fit-

shapes with a spatial resolution of some mm have been madeess to reproduce the measured response. A defined stof
to build a matrix for the genetic algorithm. This method was
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criteria ends the evolution, the fittest event pattern found is tracking should be made possible "on-line”, before the final
taken as the result of the decomposition. The genetic algo-geometry of the single capsules for a big array is chosen for
rithm and the cluster tracking algorithm could determine the a large 4 array based on tracking.

first interaction point of the impinging-rays with a position

resolution of 5mm. This is enough to improve the FWHM Acknowledgments
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Figure 3. Measured (FWHM = 14.8 keV) and Doppler corrected [6]
spectra of the 848 keV peak. If the segment information (opening
angle 9 degree instead of 22 degree of the whole MARS detector)[7]
is used for the Doppler correction, the peak can be corrected to

a FWHM of 6-6.5 keV. If pulse shape analysis with genetic algo-
rithm and tracking is applied for Doppler correction, the FWHM 8]
of the peak will be reduced to 4.5 keV.

V Conclusion

. . . . . . 10
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