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The AGATA project aims at the construction of an array of highly segmented, high-

purity germanium detectors based on the novel concepts of pulse shape analysis

and γ-ray tracking. The present status of the project is reviewed.

1. Introduction

In the past few years, many exciting results in the field of gamma spec-

troscopy have been obtained by using arrays of Compton-suppressed High-

Purity germanium (HPGe) detectors, which are extensively described in

the review paper by Beausang and Simpson 1. Given the technology on

which such devices are based, it is apparent that the present generation

arrays will not meet the requirements posed by the presently planned and

under construction radioactive beam facilities.

In fact, as discussed thoroughly in the above mentioned work, these de-

vices are characterized by a quantity, called the resolving power , which is

proportional to the peak-to-total (P/T ) ratio in the spectra and is inversely

proportional to the effective energy resolution of the detectors. Following

in-flight emission of the photons, the effective energy resolution is given in

practice by the Doppler broadening caused by the finite solid angle covered

by the individual counters, resulting in much worse values than the intrin-

sic detector resolution. In the case of radioactive beam facilities based on

primary beam fragmentation and in-flight separation, where broad recoil

velocity range and dispersion are expected, each individual counter should

cover a very small solid angle to keep the effective energy resolution to

acceptable values. As a consequence, in order to have a sufficiently high

detection efficiency, which is obviously a major issue for any device operat-
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ing in a radioactive beam facility, where the expected beam intensities will

be orders of magnitude lower than the present stable beam accelerators, an

array should be composed of a very large number (even thousands) of such

elements which would be impractical and economically unfeasible.

Concerning the P/T ratio of the spectra, which is, as discussed in the

above mentioned work, the other important parameter for the resolving

power of an array, it should be observed that at present the most widely

used technique to increase such value is the use of anti Compton (or Comp-

ton suppression) shields, that is, veto detectors shielded from the direct

radiation and surrounding the individual germanium counters. This tech-

nique is quite reliable, but has the drawback of limiting the maximum solid

angle coverage (and therefore the detection efficiency) of an array because

of the fraction of solid angle unavoidably covered by the anti Compton

shields.

In order to overcome the limitations discussed above, an alternative so-

lution has been proposed and investigated in the past few years which im-

plies investing on the signal processing software rather than on the detector

hardware. This technique requires the use of highly electrically segmented

germanium crystals combined with digital electronics in order to identify

the positions of the single energy depositions within the crystals through

a detailed analysis of the signal shape (pulse shape analysis). The ener-

gies of the individual photons will be subsequently extracted by powerful

algorithms following (or tracking) the scattering sequences of each γ-ray.

Presently two major projects aim at the construction of an array of high

purity germanium detectors based on the novel concepts of pulse shape

analysis and γ-ray tracking: GRETA in the USA and AGATA in Europe.

In the following, the general ideas on which pulse shape analysis and

γ-ray tracking are based will be described and the present status of the

AGATA project will be discussed.

2. Pulse-Shape Analysis

As mentioned in Sec. 1, the experimental conditions at many of the planned

radioactive beam facilities will be extremely harsh compared to the exist-

ing stable beam facilities, because of the high recoil velocities and of the

large recoil velocity dispersion. In order to perform a good quality Doppler

correction, it will be of the outmost importance to determine the position

of the first interaction of each photon at a much better level than the usual

assumption of the centre of gravity of the whole crystal. The techniques to
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extract such information from the signal shapes are generically known as

pulse shape analysis.

The state-of-the art pulse shape analysis techniques presently under

development for AGATA involve the comparison of the digitized pulses from

highly segmented germanium crystals with a basis of reference signals, each

of them corresponding to a well localized single interaction point. Ideally

such basis should be constructed experimentally, but in practice this is not

feasible and the basis is constructed via detailed electric field and charge

transportation calculations 2. The precision with which the interaction

point can be extracted from the experimental pulses depends critically on

the reference basis, therefore a large effort is being put into the calculation

of as realistic as possible reference signals, which should then be compared

with a few selected experimental points.

Several techniques are presently under development and test within the

collaboration to perform the comparison of the experimental signals with

the reference basis. Powerful computer codes exploiting ideas from the

artificial intelligence fields, for instance genetic algorithms 3, have been

shown to be quite reliable, although their present speed is not sufficiently

high to be used for an on-line implementation at the counting rates foreseen

for AGATA. The position resolution which can be achieved with these

techniques is of the order of 5 mm FWHM for a low-energy photon, as shown

by two in-beam tests performed respectively with the MARS segmented

prototype 4 and with the GRETA prototype 5, which is certainly adequate

for the requirements of the project. More schematic approaches such as grid

searches have been shown to produce, in simple cases, results comparable to

the most sophisticated algorithms 6. The use of sophisticated mathematical

tools such as wavelet transformations has been attempted recently within

the collaboration and the preliminary results are promising (see for instance

the contribution of P.Desesquelles in 7).

3. γ-ray tracking

In High-Energy Physics, the techniques to track the path of charged parti-

cles are well developed and commonly used. Photons, on the other hand,

are quite different, since they do not release energy continuously along their

motion, rather they deposit their energy in discrete steps, where each inter-

action point may be well separated from the other ones. Once the individual

interaction points are known, it is possible, in principle, to reconstruct the

scattering sequence of a photon, since for each Compton scattering there
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Figure 1. Comparison between the simulated spectra obtained with AGATA performing

the Doppler correction respectively at the level of the whole detector, of a segment and

of the first interaction point as extracted from the combination of pulse shape analysis

and γ-ray tracking. The velocity of the emitting nuclei was β = 50%.

is a relation between the scattering angle and the energies of the incoming

and of the scattered photon.

The case of a single interacting photon is actually not realistic, and

in most cases the algorithm should disentangle the interaction points be-

longing to each photon before attempting the reconstruction of the scatter-

ing sequence. Since the number of permutations which should be explored

would be too high to allow for a complete analysis, typically smaller clusters

of points are extracted from the full set of points using proximity criteria

based on the angular distance and on the effective distance in germanium
8.

The state-of-the-art tracking algorithms developed for AGATA rely on

two different (and complementary) approaches. In the case of the for-

ward tracking, the scattering sequence is followed from the origin of the

γ-rays up to the last interaction point 8. In the case of the backward track-

ing, a candidate for the last interaction point is chosen exploiting the fact
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Figure 2. Pictorial view of the AGATA array.

that a photoelectric absorption deposits typically an energy of the order of

100keV, and the scattering sequence is followed backwards up to the ori-

gin of the radiation 9. In both cases, clusters not satisfying the Compton

scattering relation can be discarded, thus improving the P/T ratio of the

spectra without the need for Compton suppression shields.

If a large solid angle is covered with segmented germanium detectors,

the combination of pulse shape analysis and γ-ray tracking allows for a very

high photopeak efficiency together for a good P/T ratio, as will be shown

later. In addition, the precise determination of the initial direction of each

photon will allow for a good Doppler correction also at relativistic recoil

energies, maintaining the quality of the spectra in conditions which would

be prohibitive for the present arrays. This is exemplified by Fig. 1, where the

same simulated dataset is analyzed performing the Doppler correction at

the detector, segment or interaction point level for a recoil velocity β = 50%.

Only in the latter case the high-energy peaks stand out.

4. Present status of AGATA

4.1. Geometry

The final detector geometry for AGATA has been chosen and optimized on

the basis of detailed Monte Carlo simulations for the full array 10. The full

AGATA array will be constructed out of 180 crystals, having three irregular
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hexaconical shapes, grouped into 60 all-equal triple clusters within the same

cryostat to minimize the amount of dead material in between. A pictorial

view of the final geometry for AGATA is presented in Fig. 2, where each

color corresponds to a different detector shape.

According to the simulations, such a configuration will cover 82% of the

total solid angle. The efficiency of a tracking array will obviously depend

both on the geometrical efficiency and on the tracking algorithm. Using

the forward tracking code developed in Padova, one obtains photopeak

efficiency values of approximately 43% for a single 1MeV photons and 28%

for a cascade of 30 photons of the same energy. In both cases, the P/T ratio

is of the order of 60%. The photopeak efficiency values are impressively

much higher than the present generation arrays, which, combined with the

excellent quality of the spectra, already shown in Fig. 1, makes AGATA

the ideal instrument to perform high resolution γ spectroscopy in the next

future. It should not be forgotten, however, that in most cases additional

beam tracking devices will be needed in order to maximize the quality of

the spectra, as confirmed by the simulations 11.

4.2. Prototypes

As mentioned earlier, AGATA will be built out of detectors having three

different irregular hexaconical shapes, which will be electrically segmented

into 36 parts and hermetically encapsulated under high vacuum. The very

first prototype detector purchased by AGATA have such characteristics,

the major difference being that they have a regular hexaconical shape.

At the time of writing, the first three prototypes have been delivered

and successfully tested at IKP Köln using the test cryostat shown in Fig. 3.

Their performance with conventional electronics is very good, the resolu-

tion values for each segment being well within the specifications and the

cross-talk between the segments being negligible. The three prototypes are

presently being assembled into a triple cluster, which is going to be tested

at IKP Köln in an in-beam experiment at the end of Summer 2005.

4.3. Electronics and data acquisition

The approach followed to perform pulse processing in AGATA is quite

different than that with conventional detectors.

Here, most of the pulse processing will be performed by computer al-

gorithms rather than by dedicated analog electronics, save for the pream-

plifiers, which are being developed specifically for the project and will be
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Figure 3. Picture of the first detector prototype for AGATA in its test cryostat.

based on an hybrid design, having a differential output and a fast reset

feature to allow for fast recovery in case of signal saturation 12.

The preamplified signals will be digitized and transferred via optical

fibres to powerful computer networks which, after performing pulse shape

analysis and γ-ray tracking, will transfer the data to mass storage devices.

A global time stamp will be distributed to the digitizers to allow for syn-

chronization of the data coming from the different channels. In principle

the system can work triggerless, although the possibility to form and dis-

tribute a trigger has been considered for the cases in which the data flux is

too high.

The development of the electronics for AGATA is currently frozen until

the completion and test of the prototype of the whole data processing chain,

which is planned for the first half of 2006.

5. Future perspectives of AGATA

The present Memorandum of Understanding of the AGATA collaboration

covers the period until the end of 2007. The goal of this phase of the project

is to prove the feasibility of the operation of a tracking array of germanium

detectors, where pulse shape analysis and γ-ray tracking will be performed

on-line. This will be achieved by assembling a small array of AGATA triple

clusters, which is normally referred to as the “Demonstrator Array”, each

of them associated to the final electronics for AGATA.
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According to the present plans, the Demonstrator Array should be com-

posed of 15 crystals (5 triple clusters) with the final shapes for AGATA,

which are being delivered starting from Autumn 2005. The photopeak effi-

ciency of such a small tracking device will range from 2% to 8% depending

on the target to detector distance, meaning that, after the initial set-up

phase, the Demonstrator Array could complement or replace existing de-

vices such as CLARA 13 or RISING 14, taking advantage of the improved

quality of the spectra due to the superior identification of the initial direc-

tion of the photons.

Assuming that the Demonstrator Array is successful, a new Memoran-

dum of Understanding will have to be discussed within the collaboration.

The full array will be assembled gradually, depending on the rate of funding

and of detector production. A possible time schedule, yet unofficial, is to

have 15 triple clusters, covering a solid angle of 1π, ready by 2010. Such an

array would have a photopeak efficiency larger than 10% and could be used

effectively for experiments at the radioactive beam facilities which should

be operational at the time such as HISPEC at GSI Darmstadt, SPIRAL-2

ar GANIL or SPES at LNL Legnaro. The full AGATA array might be

available around 2018.
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