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1- I n t r o d u c t i o n 

The purpose of this communication is to describe the construction and operational 
principles of the multidetector "AMPHORA" f located at the S.A.R-A. facility in Grenoble. 
S.A.R.A. energies range approximately from 10 to 40 MeV/nucleon for ions from mass 12 
to mass 60 and this range of available beams has naturally influenced, to some extent, the 
detector characteristics. From the point of view of reaction mechanism studies in heavy-
ion physics the available energy range is perhaps the most interesting currently under 
study as it spans the transition from the relatively familiar direct reaction - complete 
fusion evaporation physics characteristic of heavy-ion reactions at energies less than 20 
MeV/nucleon to the nonequilibrium and possible fragmentation processes characteristic of 
the reaction mechanism (at least for central collisions) above 30 MeV/nucleon. 

The need to understand heavy-ion reaction mechanisms above 20 MeV/nucleon in
volving the emission of several charged particles as well as neutrons has led naturally to the 
development of multidetectors capable, in principle, of complete detection of multiparticle 
events. Of course, true 4ir totally exclusive detection is a very ambitious goal. In practice, 
one can hope to construct detectors that cover a solid angle which is some large fraction of 
4-7T (83% as for instance for the present detector). Such detectors should be constructed so 
as to have an adequate particle identification range and a large dynamic (energy) range. 
Often in the energy range 10 - 50 MeV/nucleon only a few large fragments are present 
so that detection of such fragments can serve as event triggers and the multidetection 
capability can be restricted to light particles. 

A further important consideration involves the choice of detector granularity which 
may vary over the detector surface and which should be chosen so that double or multiple 
hit probabilities do not cause serious problems. Clearly a practical detector represents 
some compromise vis-à-vis the theoretical ideal and AMPHORA which is no exception to 
this rule has its own advantages and restrictions. 

AMPHORA is a scintillation multidetector. Our description of this device will there
fore begin with a review of scintillator properties and will provide some justification of the 
choice of the scintillator material finally adopted (section 2). The two specific detector 
versions, either for light particles and ions with charge Z > 4 or for light particles and 
neutrons, are also discussed in that section. The construction and performance of an in
dividual cell is described in section 3. In section 4 the mechanical and electronic systems 
in which the detector operates are presented. The energy calibration method is described 
in section 5 and an estimation of the diaphony for neutron detectors is given in section 
6. Finally, in section 7, some experimental results obtained recently with the detector are 
presented. 

t standing foi' Appareillage Multidétecteur de Particules Hodoscopc Rhône-Alpes 
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2 . C h o i c e of sc in t i l l a to rs 

In 9- 47r-detector it is necessary to design very compact detection modules so that the 
total dead zone is minimized. In this case the use of two conventional AE — E detectors for 
particle identification is not suitable. This is one of the reasons why phoswich scintillators 
[1-3] are often used for the detection of light particles allowing a good identification for 
2= 1,2 particles. 

Nevertheless all phoswich detectors have a limited dynamic range in energy due to 
the fact that very low energy particles are stopped and very high energy particles do 
-not deposit enough energy in the thin scintillator and therefore are not identified. For a 
0.6 mm thick CaF2 scintillator the low energy threshold is of the order of 9 MeV/nucleon. 
An alternative is to replace phoswich detectors by scintillators for which the shape of the 
light pulse depends on the ionisation density of the detected particle and therefore allows 
pulse-shape discrimination for light particles. Among scintillators which provide pulse-
shape information some are very widely used; examples are B a F 2 , Nal(Tl) and CsI(Tl). 
One of the ways to extract pulse-shape information is to integrate the pulse over two 
different time intervals. 

2.1 Ba.F2 

This crystal has two light components with the fast component having a light decay-
time of less than 1 ns and a slow one with a decay-time of the order of 600 ns [4]. The 
short decay-time of the fast component with its suitability for timing measurements is one 
of the most interesting characteristics of this crystal. A good mass identification is possible 
for Z = 1 but charges larger than 1 are not resolved in a two-dimensional plot [5] showing 
the integration of a pulse during 15 ns versus the integration during 900 ns. Moreover it 
was found that heavier ions like nC generate a line between the Z = 1 and Z = 2 lines 
[6]. The same effect was reported by E. Dafni [7] for fission products of a 2 5 2Cf source. 
Another drawback is that the light emitted from a Bai<2 crystal is in the 220 - 300 nm 
range. This means that conventional plastic light-guides are not usable and that quartz 
photomultiplier windows are required. 

22 Nai(Tl) 

The fast and slow light decay-times of this crystal are less than 60 ns and equal 
to 230 ns, respectively [8]. The amplitude ratio of the two components depends on the 
ionisation density of the impinging particle. P.A. Deyoung et al. [9] have demonstrated 
p, ti, t and a identification over a large energy range with a Nal(Tl) scintillator using the 
pulse-shape discrimination signal and light pulse height. We obtained a fine p, d, t and a 
identification by integrating the light pulse delivered by the photomultiplier during 70 ns 
and 300 l l s ^ t h a 200 ns gap between the two integration gates (see figure 1). A Nal(Tl) 
crystal vvould be an excellent candidate for particle discrimination if it did not have some 
drawbacks (see table I). 

2-3 CsI(Tl) 

As early as in 1958 R.S. Storey et al. [10] measured the fluorescence decay of a 
CsI(Tl) crystal lut by different charged particles. It was shown at that ti me that the main 
component 0f the decay-time was equal to 425 ns, 520 ns and 700 ns for 4.8 MeV alpha, 
8.6 MeV protons and 660 keV electrons, respectively. The second component was found 
to have a 7 1̂S decay-time regardless of the particle type. Later on J. Biggerstaff et al. [Il] 
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proposed an electronic device which enabled to discriminate protons, tritons and alphas. 
Using a CsI(TJ) scintillator we obtained a good identification [12] as seen in a plot of tin-
light, output L(Pi) versus the light output L{P2) obtained by integrating the pulse during 
time intervals of Pi = 400 ns and P2 = 1 fis, respectively, with a 1.6 //s delay for P2 

(figure 2) . 

Table I gives a summary of the main qualities and drawbacks of these three crystals. 
Despite the long decay-time, the CsI(Tl) crystal is the best candidate for our use because 
it is almost non hygroscopic and because the scintillation light is emitted in a visible 
wave-length. 

Table U is a summary of the physical properties of a CsI(Tl) crystal. As shown by 
W.W. Managan. et al. [I3j, the relative pulse height does not depend on the Tl concen
tration as long as that concentration is larger than 0.1 %. This is an important feature 
because the dispersion in Tl concentrations obtained during the crystal growth will not 
result in a light-output dispersion. 

2.4 Versions of AMPHORA's scintillation detectors 

2.4.1 Light particle and heavy-ion detector 

Within the energy range of S.A.R.A. the response of Csl does not depend on the 
ionisation density for Z > 4 charged particles. As a consequence the identification Unes are 
not resolved for these ions (figure 2). To overcome this limitation, a thin NE102 plastic 
scintillator has been placed on the front face of the CsI(Tl) thus operating the detector 
as a. phoswich (NB102 -+ Csl). In reference [12] the particle identification obtained with 
the same set of gates as the ones used for the Csl alone is shown together with another 
choice of gates more suitable for a phoswich type detector. Good particle identification is 
obtained for ions up to Z = 19. 

2.4.2 Light particle and neutron detector 

For some experiments it is desirable to detect neutrons (with neutron-gamma dis
crimination) and charged particles with the same module. A phoswich detector made of a 
liquid scintillator cell sealed with a thin CaF2 scintillator window has already been used for 
that purpose and gave good results [14]. However particles stopped in the CaF2 scintilla
tor are not identified resulting in a high low-energy threshold (about 9 MeV/nucleon for a 
0.6 nun thick CaF2 )• The CaF2 scintillator could be replaced by a thin CsI(Tl) scintillator 
so tliat the whole detector would work as a phoswich detector for light charged-particles 
passing through the first scintillator. Particles stopped in the thin scintillator would be 
identified by pulse-shape technique. 

This kind of set-up would eliminate the identification threshold problem which is 
typical of all of the AE-E methods. It would also discriminate between charged particles 
from the target and charged particles produced by neutrons in the liquid scintillator. In 
figure 3 two-dimensional maps obtained with a CsI(Tl) coupled to a liquid scintillator are 
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shown for two different sets of integration gates. Figure 3 a) clearly shows the identification 
lines for particles stopped in the CsI(Tl). The charged particles passing through the 
CsI(Tl) induce wrap-around lines which overlap the former ones. With another choice 
of gates (figure 3 b)) one can see the influence of the fast component (due to the liquid 
scintillator) appearing as soon as particles pass through the CsI(Tl). Setting masks on 
this map would allow identification of particles stopped in the liquid scintillator. Particles 
stopped in the CsI(Tl) would then he identified from figure 3 a). A problem which is 
apparent from figure 3 b) is the existence of crossing points. This is due to the fact that 
adding a fast liquid scintillator behind the Csl crystal enhances the fast component of the 
light pulse. Avoiding such crossing points would be possible by replacing the fast liquid 
scintillator by a slow one whose component would then enhance the slow component of the 
Csl crystal. Unfortunately slow scintillators with n-7 pulse shape discrimination capability 
are not available. 

The existence of crossing points does not allow the use of CsI(Tl) as the thin scin
tillator because this would have resulted in too many difficulties in the data analysis. 
Moreover, the chemical sensitivity of the CsI(Tl) to the solvants contained in most of the 
liquid scintillators is in the long run incompati1 T~ with the use of CsI(Tl) as a front window 
of the h quid cell. 

This crossing behaviour was also observed with Nal crystal but not with Ba.F2 scin
tillator because in the latter crystal the order of the Z curves is inverted compared with 
the Nal and Csl curves. Nevertheless it is not possible to use BaF2 as the thin scintillator 
because the light emitted in the UV range is absorbed in the liquid scintillator and reemit-
ted in the visible range before being transmitted to the photocathode. This process has 
a very low light transmission efficiency and therefore the resolution is too poor to obtain 
good particle identification. 

The solution is then to give up the phoswich technique and to use a thick CsI(Tl) 
(30 mm thick in order to detect 100 MeV protons) crystal in front of a liquid scintillator 
resulting in the two following functions of the detector : 

- detection and identification of light charged-particles using a CsI(Tl) scintillator 
which is thick enough to stop all charged particles of interest. 

- detection of neutrons with neutron-gamma identification using a liquid scintillator 
cell optically coupled behind the Csl. This scintillator must be thick enough to have a good 
neutron detection-efficiency but not too thick in order to provide good time resolution for 
neutron time-of-flight measurements and to insure a low absorption of the light emitted 
by the CsI(Tl) crystal. 

3. D e t e c t i o n p e r f o r m a n c e s of A M P H O R A 

3.1 Description of the detection modules 

The detection of neutrons requires time-of-flight measurements with flight, lengths 
ranging from 1 to 1.4 meter in order to obtain good energy precision. But scintillators 
supplied by manufacturers have standard limited sizes dictated by technical and price 
considerations. A 4n charged particle and neutron detector with a large target-detector 
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distance would involve a huge number of detectors leading to a tremendous cost. Therefore, 
it was decided to provide neutron detection only at forward angles (i.e. about ± 15 degrees 
with respect to the beam axis) where the maximum of the cross section occurs. Since the 
solid angle is very small due to the large distance to the target (1.4 m), the largest Csl 
crystal size commonly supplied by the manufacturer f l was chosen. These crystals have 
been cut from 104 mm diameter rods with a hexagonal shape for the detector elements to 
minimize the dead zones. The 48 forward angle detectors (forward wall) are arranged on 
a spherical shell. 

For angles larger than 15 degrees (backward ball), only charged particles are detected 
and thus the detectors are set closer to the target. At backward angles the CsI(Tl) crystals 
have a. trapezoidal shape. At these angles neutron detection can be achieved by using 
neutron detectors at sojjie angles outside AMPHORA behind a thin window. 

3.1.1 The scintillators : 

The CsI(Tl) scintillator is pressed on the light guide with a thin optical grease layer. 
The two parts are held in position by a thermoretractable hose surrounding the CsI(Tl) 
and the light guide. To optimize the light collection efficiency, a 6 fixa aluminized Mylar 
foil is placed on the front part of the CsI(Tl) crystal. The light emitted by the scintillator 
is transmitted to the photomultiplier through a light guide which passes through the wall 
of the reaction chamber. An optical fiber is fixed in a hole drilled in the light guide. The 
optical fiber is used to input a reference light-pulse which is used to monitor the gain 
stability of the photomultiplier. 

The neutron detection module is made of a hexagonal BC501 f2 liquid scintillator 
cell (BC501 is similar to NE213 scintillator) 75 mm deep. The cell covered on the inner 
side with a reflector paint NE561 f3 is enclosed with two BK7 glass windows, glued on the 
cell by means of a special resin (Epotec 905 |4 )• The CsI(Tl) crystal is pressed on the 
front glass by a thermoretractable hose. The assembly of the detection module is shown 
in figure 4. 

3.1.2 The photomultipliers : 

In figure 5 typical spectral responses for some photocathodes are presented together 
with the emission spectra of CsI(Tl) and of BC501 liquid scintillator. The usual S l l 
photocathode is not well matched. A S20 photocathode would be more efficient but it is 
too noisy. KTC provided a special eight stage photomultiplier (XP3461B) with a 68 mm 
diameter bialkalyne photocathode with the light response extended into the green which 
gave good results. 

fl supplied by BdH (U.K.) 
f2 supplied by Bicron (U.S.A.) 
|3 supplied by Nuclear Enterprise (U.K.) 
|4 supplied by Epotecny (F.) 
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3.2 The detection performances 

3.2.1 Particle identification 

Figure 6 shows a two-dimensional identification map obtained with a forward angle 
neutron detector module. Gamma-rays, p, d, t, 3He, a are well resolved, whereas for 
charge 3 mass identification is not possible. For higher charges there is a saturation and 
the ion lines are unresolved. The identification threshold is about 5 MeV for a's and 3 MeV 
for protons. The lower energy detection-threshold is only due to the 6 /j.m thick alurninized 
Mylar foil set in front of the Csl crystal and is of the order of 0.4 MeV/nucleon. 

Figure 7 shows the identification obtained in the heavy ion detector module. The 
charge separation is not as good as shown in a previous paper [12] due to the inhomogeneity 
in the BC4O0 thickness for large dimensions. However, it is still possible to resolve the 
different charges up to Z — 14. The lower energy identification threshold is about 4 MeV/n 
for zdphas and 8 MeV/n for Z = 10 ions. Figure 8 shows the n-7 discrimination obtained 
by integrating the pulse issued from a neutron particle detection module within two gates 
Pj = 50 Tis and P2 = 400 ns. The identification threshold for neutrons is less than 1 
MeV electron corresponding to a neutron energy of less than 3.1 MeV. An attempt was 
made to detect fission products with this detector. The fission fragments are stopped in 
the BC400 scintillator. Due to quenching of the light for fission fragments it is difficult 
to separate low energy alpha particles and fission products. Nevertheless figure 9 shows 
the light spectrum obtained with a large area AMPHORA detector with a 0.2 mm thick 
BC4O0. Alpha particles and Californium fission products are clearly resolved. 

3.2.2 Granularity effect on the multiplicity measurement 

Using a software description of the multidetector, a simulation of nuclear events with 
different multiplicities and angular distributions has been performed. Figure 10 shows the 
calculations for various emitting sources. The M = 1 case gives the solid angle efficiency. 
The distorsion on the multiplicity measurement is shown in figure 11 for the isotropic case 
showing the necessity of corrections for nuclear events with multiplicity larger than 5. 

4. M e c h a n i c a l a n d e lec t ron ic s y s t e m s 

4.1 Mechanical set-up 

A schematic design of the detection set-up is shown in figure 12. The total solid angle 
(wall -f- ball) is 82.5 % of 47T. The dead areas are due to the beam pipe, the target holder, 
an horizontal aperture on the upper part of the cone joining the ball and the wall where 
the turbomolecular vacuum pump is fixed, and the interstices between the detectors. 

Figure 12 b) shows the detector array of the forward wall. The 48 detectors are set 
on a spherical holder. The scintillators of 30 mm thickness (corresponding to the range of 
10O MeV protons) are located inside the vacuum chamber with the light guides of 200 mm 
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length passing with its cylindrical part through the wall of the scattering chamber using 
O-rhig seals. The photomultipliers are at atmospheric pressure and are coupled to the 
light guide by an elastic optical joint. The 92 Csl scintillators of the backward ball array 
are shown in figure 12 a) . They are distributed amongst 7 rings centered on the beam 
axis. The target to detector distances range from 12 cm for the most backward ring to 
43 cm for the most forward ring. The backward modules have been designed to be easily 
removed and replaced by any other detection system if needed (for example, an ionisation 
chamber). 

The chamber is built in three parts . The middle part supporting the rings 4,5,6 and 
7 of the ball detector is fastened to the ground. The wall can be moved forward and the 
rear part of the ball supporting the three backward ball rings 1,2,3 and the target holder 
can be moved backward. All the geometrical characteristics are listed in table III. 

4.2 Photomultiplier stability control 

The photomultiplier gain stability is checked with a laser. A nitrogen laser (330 mn 
wavelength) delivers 5 ns wide pulses. The laser beam is split into two beams by a semire-
flecting glass mirror : 

- one of the beams is sent to a CsI(Tl) crystal which gives a light pulse with a shape 
similar to the one given by a CsI(Tl) scintillator hit by a particle. 

- the other beam is sent to a fast plastic scintillator which gives a fast light pulse which 
is similar to the pulse given by a BC501 liquid scintillator or BC400 plastic scintillator to 
enable timing adjustments. 

These two cylindrical scintillators centered on the laser beam axis are surrounded by 
an aluminum mount in which holes are drilled to insert optical fibers the end of which are 
maintained in optical contact with the scintillator. The other end of the optical fibers is 
fixed into holes in the light guides. Intermediate optical connectors allow disconnection 
between the detector module and the 8 m long optical fibers. 

Each ball module has one optical fiber coming from the CsI(Tl) whereas each wall 
module has two optical fibers coming from the CsI(Tl) and from the fast scintillator re
spectively. Thus it is possible to simulate charged particles for all of the detectors and 
neutron induced pulses for the forward wall detectors. 

The gain stability is controlled off-line using the las<-? puiser system. After every 
1O000 events processed, a sequence of 10 laser pulses is sent to all the detectors and to a 
reference Silicon detector and the signals are recorded. Any shift of the photomultipliers 
is deduced from the ratio of the PM pulse over the Si pulse averaged over ten laser pulses. 
This allows the gain parameters to be directly corrected when processing the data. To 
control the Silicon detector stability, an alpha source is set in front of the Silicon detector 
and the corresponding signal is ORed with the master start signal and recorded on tape. 
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4.3 Electronics and data acquisition system 

The photomultiplier liigh voltages are supplied by four forty-channels power supplies 
of CAEN SY127 type (the voltages can be set in steps of 1 Volt). The supplies are located 
in the experimental area and are operated remotely from the counting room which contains 
the electronics and acquisition system. 

Two signals are issued from each detector : the dynode signal (from the last PM 
dynode) is used for the acquisition logic while the anode signal is used for the analog 
energy measurement. 

4.3.1 Principle of the electronic set-up 

The principle of the electronics is the following : (see figure 13) 

Each dynode signal is sent to a CFD which then generates a 250 ns wide NIM pulse. 
These signals are added up to give an analog multiplicity. Thus a signal can be issued 
from AMPHORA whenever the event satisfies a preselected multiplicity requirement. That 
sign3^ may be timed to an external trigger to produce a master start pulse and enable the 
following functions : 

- a pile-up detection circuit (PU) which indicates the occurrence of pile-up of dynode 
signals within 5 us 

- a start signal for the TDC's (coincidence requirements with the RF signal of the 
cyclotron) 

- a NIM gate (600 ns wide, adjustable) on the bit registor (also named configurator) 
defining the event pattern 

- a validation signal for integrating gates generated in the CFD which must be present 
270 ns after tr iggering the CFD's 

If a validation signal is sent, each CFD provides the following signals : 

- four ECL gates transmitted 300 ns after triggerring of the CFD's to the QDC's 
which accept the delayed and attenuated anode signals (300 ns delay and 0 to 24 dB 
attenuation) 

- a NIM signal to the scaler 

and 270 ns after being triggerred : 

- a NIM signal to stop the corresponding TDC channel 

- a NIM signal sent to the corresponding configurator channel to acknowledge the 
presence of a particle in the detector 

10 (xs p.fter the master start pulse and when no clear pulse has been furnished (see 
the general description of the configurators), the data acquisition system reads the state 
of the configurators through the CAM AC bus and then reads the parameters converted by 
the QDC's and TDC's for the detectors which fired. 
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When processing the data, the system provides the option of inhibiting simultane
ously all the CFD channels by application of a NIM pulse for dead-time of data readout, 
in order to avoid requesting the data acquisition when busy-

4.3-2 Description of the electronic modules 

The CAMAC pile-up units (PU) drive 16 detectors each. The CAMAC CFD units 
drive 4 detectors each. 

Front pat\el outputs and inputs of the CFD units provide 

. for each detector : 

- a fast pulse (NIM 250 ns) 

- a delayed pulse (NIM 250 ns, delay 270 ns) to be used as a stop signal for the 
TDC's 

- for each module : 

- a summing output (250 ns, - 200 mV per detector) 

- a flat cable which transmits the NIM output to the configurators 

- a flat cable which routes the ECL output to the gates of the QDC's 

- a NIM input to receive an enable signal for generating the gates 

- a NIM veto input 

The dead time and threshold of the CFD's are adjustable by software. Gate settings 
can also be programmed under CAMAC control with the dynamic range of delays and 
widths given in table IV. 

The configurators are input from 16 detectors and may be chained to build up a 
total multiplicity. All coincidence settings may be programmed under CAMAC control. 
Coincidence requirements can be set on the detector logic signals or by setting multiplicity 
windows on any configurator or combination of configurators. A CLEAR signal is sent 
to the QDC's and TDC's whenever the logic requirements are not satisfied and the data 
acquisition has not been started. 

The QDC's can each convert 16 channels within 32 fis to be distributed into 8 de
tectors 2 gates or else 4 detectors 4 gates. The TDC's can receive input from 8 detectors. 
All the electronics is set in 7 CAMAC crates. 
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4.3-3 Data, acquisition 

The data acquisition system is a set of Motorola 6800Q multiprocessors linked by 
VME bus. The acquisition electronics are accessed by a CAMAC branch driver via the 
VME bus. The following functions are handled in parallel (figure 14) : 

- an acquisition processor reads the current parameters in the CAMAC modules (con
figurators, QDC, TDC and PU) and writes them into a buffer of 128 kb and into two 
mail boxes. It also generates all the one-dimensional (and, at the user's request, the 
two-dimensional spectra) in a 4 Mb memory. 

- a data recording processor reads the event buffer and writes on magtape or numerical 
optical disk 

- a display processor reads the event buffer, generates and displays the on-line two-
dimensional spectra requested by the user (with priority either on data taking or 
monitoring) 

- a computing processor reads one of the two mail boxes and generates spectre, from 
users programs (either written in Fortran or Assembler). 

Finally it should be noticed that the data recording processor can be used for read
ing from tape or optical disk to get a better control over the data processing and data 
recording. 

4.3-4 Specific controls 

Th e on-line control is driven by a Macintosh microcomputer which is linked to a 
MACVEE controller via the VME bus. It accesses a mail box and generates a configurator 
spectrum so that the counting rate of each detector can be compared at any time to 
a reference counting rate. Figure 15 shows an example of the counting rate versus the 
detector number (a) and the ratio between this counting rate and a reference counting 
rate taken at the beginning of the run (b). The flatness of the spectrum (b) indicates no 
variation in the counting rate within the statistical uncertainties. 

The Macintosh computer is also used to load all the parameters needed to run the 
electronics (gate settings, thresholds and dead times of the CFD's, and coincidence re
quirements). 
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5 . Energy ca l i b r a t i on 

The light response of a CsI(Tl) scintillator is not linear with the energy of the im
pinging particles. This, added to the fact that this response depends on the type of the 
particle makes the energy calibration difficult to achieve, especially for a far detector. An 
energy calibration would thus need, to be done property, several calibration points for each 
particle. 

a ) When one wishes to have a high energy precision, one can use a 3 mm thick brass 
beam stopper which is set in the beam line before the analysing magnet. The energy and 
mass of the emitted light particles are selected by varying the field of the magnet. Setting 
a detector a t zero degree in the scattering chamber allows energy calibration as far as the 
value of the magnet rigidity is known [15] leading then to the value of the energy for each 
mass. The energies can also be determined by setting the beam stopper after the analysing 
magnet and by measuring the time-of-flight of the secondary particles between two thin 
plastic scintillators (6 m distant) [16]. 

Since it is not reasonable to place successively at zero degree all the 140 detectors, 
this method can be used only for some of the detectors, most likely detectors of the back
ward ball as detectors of the forward wall cannot be removed without being taken to pieces. 

b ) When a high precision is not required one can take advantage of the fact that 
the CsI(Tl) light obtained by integrating the light pulse within 400 ns has a quasi-linear 
behaviour as a function of energy for a given particle (figure 16). Consequently only a few 
low energy calibration points are required for each particle type. One uses a set of thin 
Silicon detectors fixed on frames which can rotate in such a way that all the CsI(Tl) crystals 
are successively screened by a Silicon detector. Then, knowing the thickness of the Silicon 
detector one extracts the energy of the impinging particle from energy loss tables. This 
method is Usually not very good for energetic particles because energy losses are then too 
weak to allow a good precision on the energy determination but the calibration for these 
particles can be linearly extrapolated from the lower energy results. One of the advantages 
of this method is that it can be performed with the same projectile and target as the ones 
used during the data recording. Nevertheless if some high energy points are needed one 
can take advantage of the 47r principle by detecting the two products of binary reactions 
whose energies are well determined from kinematics as soon as relative emission angles are 
known. Figure 17 shows the kinematic Unes corresponding to different binary reactions 
obtained with 120 MeV alpha o n a 1 ^ target. For a given r?i detector the different lines 
correspond to different m detectors in the same reaction plane. The lines are obtained 
by rotation of that reaction plane with respect to the beam axis. This method cannot be 
used for the detectors of the backward detectors for the following reasons : 

- the precision on the energy is dependent on the precision on the detection angle and 
therefore gets worse and worse as the detection angle increases since distances decrease. 
- for large detection angles, the statistics are very poor. 

The energy resolution is of the order of 3%. 
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6. D i a p h o n y in t h e n e u t r o n d e t e c t o r s 

Owing to the closeness of the neutron cells located on the forward wall, neutrons and 
gamma-rays may come out of one of the cells and be falsely detected in a neighbouring 
cell. This phenomenon is known as "diaphony" and cannot be neglected. 

This effect has been investigated [18] by performing an experiment using a 20 MeV per 
nucléon 1 6 0 beam impinging on a gold target. The counting rate of an "isolated" detector 
is compared to the counting rate of a "diaphonie" one, i.e. a dectector surrounded by 
six detectors. The "isolated" and "diaphonie" detectors are located symmetrically with 
respect to the beam axis at 12° on the wall. An amplification of 7.5% for the neutrons 
identified in the "diaphonie" detector is observed after normalisation of the detectors on the 
a's counting rate. The following results are obtained by analysing coincidences between 
the "diaphonie" detector and the surrounding detectors : regardless of the neutron-7 
discrimination the n-n and n-7 events come to 6.5% of the total number of events whereas 
the n-n coincidence rate goes down to 2.8% when a n-7 identification is performed. A 
simulation code gives similar results. 

7. P r e l i m i n a r y r e su l t s 

Figure 18 shows, for the reaction 4QAr + G'u at 30 MeV/nucleon, the AMPHORA light 
particle multiplicity spectra for single events (a) and events in coincidence (b) with the 
damped fragments detected by an ionisation chamber located at 9 = 10° and <f> = 90°. 
As expected one can see that the high multiplicity events are enhanced by the coincidence 
constraint. 

The total counting rate of the 140 AMPHORA detectors (light charged-particles 
configuration) triggered by the ionisation chamber is displayed in figure 19. Each cell cor
responds to a 6 = 10° and <f> = 20° step. In figure 19 a) events have been restricted to 
multiplicities up to 4 whereas in figure 19 b) only large multiplicity (M > 13) events 
have been selected. The low multiplicity constraint enhances the events at forward angles 
and in the reaction plane. 
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Table c a p t i o n s 

Table I : 
Summary of the advantages and drawbacks of the scintillators. 

Table I I : 
Physical properties of the CsI(Tl) scintillator. 

Table H I : 

Geometrical configuration of the AMPHORA apparatus with : 

e : thickness cf the CsI(Tl) crystal 

Ep : energy absorbed in thickness e for protons 

N : number of detectors 

S : area of the entrance section of the detector 

d : distance from target to detector 

9 : average angle with respect to the beam direction 

A0 : average angular opening in 9 

A<£ : average angular opening in <j> 

~- : solid angle per detector. 

For all the detectors the low energy threshold is only due to the Mylar foil and is of the 
order of 0.4 MeV/nucleon. 

Table W : 
Range of the gates available; D stands for delay and W stands for width. 
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Figure capt ions 

Figure 1 : 
Identification spectrum obtained with a Nal(Tl) crystal. Z(Pi) and L(P2) are the light 
outputs obtained by integrating the pulse within 70 ns and 300 ns gates respectively. P2 

has a 270 ns delay referring to Pi as a start. The beam is a 1 2 C (30 MeV/nucleon) beam 
impinging on a CD2 target. 

F i g u r e 2 : 
Identification two-dimensional map obtained with a 22 mm diameter and 30 mm thick 
CsI(Tl) crystal. £ ( P , ) and L{P2) are the light integrals within P^a = 400,6 = 0) and 
P2(1000, ]600). a and b are the width and the starting time (in ns) of the integrating in
tervals, re^->ec'vivelj' The beam is a 22Ne (30 MeV/nucléon) beam impinging on a 9A Nb. 

Figure 3 : 
Identification two-dimensional maps obtained with NE213 liquid scintillator with a thin 
CsI(Tl) front window. L(Pi) , L[P[), L{P2) and L(P 3 ) are the light integrals within 
Pi(400,0), P[ (400,140), P2(1000,1600) and P 3(40,0) . The beam is a 80 MeV alpha beam 
impinging a CD2 target. 

Figure 4 : 
Exploded view of one of the forward wall cell, as mounted for light particle and neutron 
detection. 

Figure 5 : 
Emission spectra from CsI(Tl) and BC501 scintillator, compared to spectral responses of 
some photocathodes. 

F igure 6 : 
Identification two-dimensional map obtained with a forward angle module set at 0/a& = 8°. 
L{P\) and L(P2) are the light outputs obtained by integrating the pulse within Pj(400,0) 
and P2 (1000,1600). The beam is a 40Ar (27 MeV/nucleon) beam impinging on an Al 
target. 

F igu re 7 : 
Two-dimensional plots obtained with a 200 /mi thick BC400 and a 30 nun thick GsI(Tl) 
forward wall phoswich set at 0iab = 8°. £ (P i ) and L{P2) are the light outputs obtained 
by integrating the pulse within Pi (30,0) and P2(400,60). The beam was a 4 0 Ar (27 
MeV/nucleon) impinging on a 2 ' Al target. 
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Figu re 8 : 
Two-dimensional plot obtained in the light particle-neutron configuration of a forward 
module. X(Pj) and X(P2) are the lights obtained by integrating the pulse within two gates 
Pj(50,0) and P2 (400,0). 
a) refers to lines due to charged particles stopped in the Csl. 
b) refers to lines due to neutrons or gammas interacting in the liquid scintillor. 

F igure 9 : 
Spectrum obtained with a BC400 4- Osl(Tl) backward ball phoswich when bombarded 
with a 2 5 2 C / source. FFI and FFII stand for fission fragments. 

F igure iO ; 
Detection efficiency as a function of the total multiplicity, taking into account granulometry 
and single particle hits of the detectors, for isotropic emission, emission from a projectile
like fragment with T = 2 MeV, V = 7cm/nô and from an intermediate velocity source with 
7 = 8 MeV and V = 3.5 cm/ns . 

F igure 11 : 
Actxial multiplicity versus measured multiplicity, as calculated under the assumption of an 
isotropic emitting source. 

F igure 12 : 
Schematic view of the 47r detector. 

F i g u r e 13 : 
Electronics layout. 

F i g u r e 14 : 
Acquisition configuration. 

F i g u r e 15 : 
On-line control spectra showing : 
a) the counting rate, 
b) the ratio of the counting rate to a reference counting rate 
versus the detector number. 

17 



F i g u r a 16 : 
Energy calibration of the charge obtained by integrating the light pulse L\ during Pi = 
400 7i5 for alpha particles. A 5.8 m flight path between the two fast plastic scintillators 
was used to determine the energy of the secondary alphas issued from a beam stopper. 

F igu re 17 : 
Measured kinematic correlations between the two primary products of the reaction a. + p. 
The axes give the number of the detectors from forward to backward angles. The blank 
lines are due to missing detectors and the wide lighter areas correspond to ring number 3 
shielded by the target frame. 

F i g u r e 18 : 
Light-particle multiplicity spectra for a) single events and b) events in coincidence with 
the damped fragments detected by an ionisation chamber set at 10°. 

F i g u r e 19 : 
Counting rate maps with the following function of <f> : tp = IT + (cj> — Tt)sind versus 6 for 
low (AT < 4) and high (M > 13) multiplicity selection in AMPHORA. 
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Table I 

BaF2 

JVaT(Tl) 

CsI(Tl) 

ADVANTAGES 

A very fast component 
—Good time pick up 
—High counting rates 

Refractive index : 1.5 

High scintillation conversion 
efficiency 

Good pulse shape discrimination 

Almost not hygroscopic 

Good mechanical behaviour 
Good pulse shape discrimination 

DRAWBACKS 

U.V. emission 
—Usual light guide not suitable 
—Quartz windows required 
—Impossibility to have another 

scintillator behind BaFi 

Expensive 
No Z > 1 identification 

Hygroscopic 
(needs a housing introducing 

an energy threshold) 
Poor mechanical features 

Refractive index : 1.85 

One light component has 
a very slow decay time 

Refractive index : 1.8 
Maximum emission wavelength 

~ 565 nm 
(does not match the usual 

PM photocathode responses) 
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Table H 

Maximum emission wavelength : 565 nm 
Density : 4.510 g/ cm 
Refractive index : 1.80 

Scintillation conversion efficiency : 45% NaI(Tl) 
(measurement made with a SU photocathode) 

Decay times : T^ ~ 400 — 1000 ns and TI ~ 7(j,s 
Relative pulse height : constant 

for Tl concentration > 0.1% 
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Table HI 

e(rnm) 

Ep(MeV) 

N 

S{CTJ12) 

d(cm) 

en • 

A0(°) 

M°) 

«?(%) 

ring 
1 

10.0 

52.5 

7 

36.1 

12.1 

148 

31.4 

44.9 

1.83 

ring 
2 

12.5 

60.0 

11 

41.8 

13.1 

117 

28.1 

30.5 

1.67 

ring 
3 

15.0 

66.5 

14 

42.2 

15.0 

90 

24.5 

24.5 

1.20 

ring 
4 

17.5 

72.5 

15 

42.2 

17.2 

66 

21.5 

23.2 

1.03 

ring 
5 

20.0 

78.0 

15 

41.6 

21.1 

46.5 

17.7 

23.3 

0.66 

ring 
6 

22.5 

83.5 

15 

41.0 

29.0 

31 

13.0 

23.5 

0.35 

ring 
7 

25.0 

83.5 

15 

40.8 

42.9 

20 

8.8 

23.6 

0.15 

wall 

3O.0 

98.5 

48 

70.2 

140 

4 - 1 2 

4.0 

0.028 
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Tbble IV 

gate 1 
gate 2 
gate 3 
gate 4 

£>(ns) 
0 

0 - 4000 
0 - 1000 

0 

W{ns) 
0 - 1000 
0 - 4 0 0 0 
0 - 4000 
0 - 4000 
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