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1 Introduction 
The recent years of experimental work at the Oslo Cyclotron Laboratory 
has concentrated on nuclear structure at high intrinsic excitation energy. 
The group has developed a promising technique based on measuring -y-decay 
after single nucleon transfer reactions with the use of p"y coincidences. The 
investigations have revealed interesting features of hot nuclear matter. A 
few papers of the recent works in this field are given in re fs . 1 - 5 ) . 

A proper interpretation cf the experimental results is, however, often 
difficult due to low counting rates. One of the most important aims for a 
new experimental set-up is to obtain pi as well as P77 coincidence spectra 
with high statistics. Of great interest for the project is also better angular 
distribution data. Generally, a new detector system should give ten times 
higher counting efficiency compared to the present set-up, without making 
any compromises concerning energy or time resolution. 

The CACTUS multidetector system has been initiated to meet these 
requirements. The project was supported in 1988 by "Norges almenviten-
skapelige forskningsråd" (NAVF) with a grant of 1.8 mill. kr. A summary 
of the costs and use of manpower is listed in appendix A. 

A substantial part of the work has been the design and development 
of a new data acquisition system able to handle the high data flow in an 
efficient and flexible manner. This system, called DAISY, is based on the 
VMEbus standard using a single-board computer to preprocess the events 
before transfer to the ND-5800 host computer. As DAISY is described 
elsewhere 6), we will not go into details here. 

The CACTUS detector system is now mounted on the 90° beam line of 
the Oslo cyclotron, and the first in-beam tests have been performed. The 
present experimental set-up is shown in fig.l. 
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Figure 1: The CACTUS multidetector system at the Oslo cyclotron. 
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2 Mechanical set-up 
The detector holder is based on a design similar to the one we find in 
today's footballs. In nature this structure is also displayed; fig.2 shows 
an old drawing of two different kinds of pollen. The half-regular polyeder 
was first mentioned by Archimedes, and Leonardo da Vinci made the first 
drawings of the structure in the beginning of the 16th century. Later, 
Kepler gave it the name Truncus icosioedros, because it corresponds to a 
regular polyeder of 20 triangles which are cut (truncated) at the corners. 
In the design of CACTUS we require the pentagons and hexagons to have 
equal areas. This means that the hexagons have to be made irregular as 
shown in fig.3. 

The detector arrangement is illustrated in fig.4. The 28 Nal detectors, 
which are fixed to the frame (see fig.l), have a distance of 24 cm to the tar
get. In addition to the Nal detectors there will be room for 2 high efficiency 
(> 50%) Ge detectors. The Si telescopes are mounted in a fixed frame of 
nylon placed within the target chamber. Several frames corresponding to 
various particle detector configurations will be available. A frame with 
space for 8 telescopes at an angle of 0 = ±45° and at a distance of 4 cm 
from target will probably be used most frequently. The target chamber 
is constructed so that it can be removed from the center of the Nal bail 
through the two remaining holes (32 holes in total). Beam focusing is per
formed with the normal target replaced by a quartz. The beam spot can 
then be monitored by a TV camera through the plexiglass window of the 
target chamber. 

The total detector ball rests on 6 legs connected to a mount that can be 
moved in all directions. The beam tube is equipped with bellows both in 
front of and in rear of CACTUS to allow adjustments. The beam optics has 
been tested and adjustments of the tube alignment was found necessary. 
To facilitatebeam focusing a new dipole magnet was installed. 

The detector frame and the target chamber were manufactured at the 
local mechanical workshop. 
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Figure 2: The structure of pollen from Gomphrena globosa and Chrysan
themum carinatum (J. Fritzsch: Uber den Pollen, 1837), which contains 12 
pentagonal- and 20 hexagonal-shaped surface areas. 

Figure 3: The Nal and Ge detector frame (0 52 cm) with space for 30 
detectors. The Si detectors are mounted inside the target chamber, which 
occupies two holes in the frame. The BNC vacuum feedthroughs are seen 
to the left. 
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Figure 4: Detector arrangement (one detector of each type is shown). 

3 Detectors 
The 7-ray detectors for measuring transitions in the continuum should have 
an acceptable efficiency for 7-energies in the 2-3 MeV region. We have 
chosen 5" x 5" Nal(Tl) detectors on 5" photo-multiplicator tubes from BI-
CRON. Each detector is shielded at the sides with 2 mm lead and a 10 cm 
lead collimator in front (see fig.4). The solid angle corresponds to 0.53 % 
of 47T. A 2 mm Cu absorber is placed in front of the detector. 

The particle telescope consLts of a front and an end detector. The front 
detector has a thickness of 150 fim Si and is manufactured by TENNELEC. 
The end detector is thicker, 3000 fira, and is of the Si(Li) type from the 
firm INTERTECHNIQUE. Both detectors have an active area of 100 mm 2 

and can run at room temperature. Each telescope is equipped with a 4 mm 
thick Al-collimator, which gives a solid angle of 0.37 % of Air. In front of 
the telescopes Al-absorbers with a thickness of 19 fim is mounted. 

One hyper-pure Ge detector with efficiency of 50 % and energy resolu
tion of 1.9 keV has been ordered from the firm DSG. Next year another 
detector with similar specifications will be purchased. 
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Figure 5: The timing set-up for the particle telescopes. 

Power-supplies for the Si and Nal detectors have been designed and 
constructed at the local workshop. Dedicated preamplifiers and fast/slow 
amplifiers for 28 Nal detectors have also been constructed and tested. 

4 Electronical set-up 
The electronic set-up for CACTUS requires efficient timing logic. This is 
obtained by applying the new generation of fast ECL electronics, which 
accommodates a high number of channels. 

Figure 5 shows the timing set-up for the particle telescopes. To accept 
a particle-event we require the following conditions to be fulfilled: 

- one and only one AE front-detector has fired 
- the AE signal exceeds a certain amplitude, which 

corresponds to the signal for a particle with charge Z > 1 
- the E end-detector has fired 
- no other AE signals arrive within ± 4 ps 
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Figure 6: The timing set-up for the particle-7 coincidences. The detec
tor hit-pattern is read from a Trigger Pattern Unit (TPU) in the VME 
front-end system. 
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The latter feature is important since the detectors have a rather high 
pile-up frequency. The divider module is applied to reduce the singles 
rate. Divided singles and coincidences are then routed in parallel to the 
acquisition system. 

The coupling scheme of fig.6 includes the timing for particle--? coinci
dences as well as divided singles particle events. The coincidence require
ments are obtained by using discriminator modules with a veto facility. The 
veto is used as gate for the 7's by cancelling the veto if a good particle event 
is detected. The parameters to be read by the CPU of the VME system 6) 
are given externally to the socalled Trigger Pattern Unit (TPU). The bit 
pattern of this module tells the CPU which parameters are included in the 
event. After a certain inspection time (can be preset to 60, 120, ..900 ns), 
the CPU starts to read out data from the respective moduhs. The TPU 
gives an inhibit output signal that is used as veto to the front-end elec
tronics during the processing time. The acquisition system has access to 
various digitizing modules placed in crates of NIM, CAMAC and VME. 

Some important modules purchased for the project are listed in ap
pendix B. 

5 System propert ies 
CACTUS accommodates 8 AE-E telescopes, 28 Nal and 2 Ge detectors. 
Previous experiments have been running with 4 AE-E telescopes and 6 
Nal detectors. If we normalize the intensities for PT events to 100 for the 
previous set-up, we find the following intensities: 

Event iype Previous CACTUS Improvement 
~PT 100 960 IcT 
p~TI 9.3 470 50 
p~Tl~t 0.44 140 320 
PITtl 0.0079 21 2700 

The improvement of the coincidence efficiency is substantial compared 
to the previous set-up. If we also extract p7 events from higher fold events, 
the improvement of this type of events exceeds a factor of 20. A striking 
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feature is that p~tyi events will appear with about the same intensity as 
previous p-f events. 

The average energy and time resolution of the Nal detectors are better 
than 8 % (at 662 keV) and 10 ns, respectively. The probability of cross
talk between two adjacent Nal detectors has been measured to be 0.0005. 
The energy resolution of the parti.-le telescopes is around 200 keV for 50 
MeV ct-particles. The time resolution is better than 5 ns. The telescopes 
give excellent particle identification for the light particles observed in our 
reactions (p. d, t, r and a particles). 

The present set-up includes a maximum of 80 parameters, however, a 
typical event contains around 5 parameters. Preliminary tests suggest that 
DAISY is ab]j to handle an eventrate of 3000 events/sec. 

6 S u m m a r y 

The work with the total system (CACTUS and DAISY) has developed 
according to the plans. The system has been tested with a 45 MeV r beam 
and all particle- and 7-detectors were working properly. For the present 
set-up the data acquisition system is capable of handling 80 parameters 
with acceptable speed. Some software development remains in order to 
adjust DAISY to the genera] SHIVA system. The Bergen group is now 
prepairing a new and better sorting program (LINDA), which will run on 
the 5000 CPU of the ND-5800 computer. 

The present project is the result of the combined effort of many peo
ple. The very skilful work by B. Solvang, S. Strøm and J.E. Somdalen for 
the mechanical and electronic developement is greatly appreciated. The 
project could not have been realized without the financial support from 
"Norges almenvitenskapelige forskningsråd" (NAVF) which is gratefully 
acknowledged. 
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Appendix A 

The project was almost totally financed by "Norges almenvitenskapelige 
forskningsråd" (NAVF). The project has proceeded according to the plans 
with respect to the budget and the time-schedule. Below are listed the 
resources used for the various parts of the project. 

Costs (mill, kr ) Manpower (year) 
Nal detectors 0.60 Design and planing 0.5 
Si detectors 0.20 Mechanics 0.7 
Analog electronics 0.05 Electronics 0.8 
Logic electronics 0.35 
ADC and TDC's 0.40 
VME modules 0.20 
Total 1.80 Total 2.0 

Dy extended work at the institute workshops, it was possible to limit 
(he total costs to 1.8 mill. kr. The most important home-made compo
nents arc the detector frame, amplifiers, high-voltage power supplies and 
trigger pattern units. Shr.ilar commercial components would cost around 
0.5 mill. kr. About 0.2 mill. kr. was invested in the VME part of DAISY. 

Appendix B 

Description Firm 
6 Octal Constant-Fraction Discriminator CF8000 EG&G ORTEC 
2 Octal Gate and Delay Generator GG8000 EG&G ORTEC 
1 Rate Divider RD2000 EG&G ORTEC 
2 16 Channel ECL/N1M/ECL Converter NIM4616 LeCROY 
2 16 Channel Progr. Non-Updating Disc. ECL4415 LeCROY 
1 16 Channel Progr. Updating Disc. ECL4413 LeCROY 
1 16 to 64 Fold OR Logic Unit ECL4564 LeCROY 
4 ADC Model 4418/V Silena 
4 TDC Model 4418/T Silena 
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