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I - INTRODUCTION 

Elastic and inelastic scattering and transfert reactions 

with heavy ion have been extensively studied these last ten years • 

Many detection systems have been built to allow such studies. AE.E 

telescopes and time of flight consisting of two silicon detectors 

or gas counters followed by silicon detectors have excellent ability 

to separate ions species over a wide energy range. However many 

experimental studies are not accessible with such detection systems 

due to the energy resolution, typically 250-300 keV for heavy ion 

of 60 MeV and the small solid angles which are limited by multiple 

scattering in the AE detector and by consfderations of. kinematic 

broadening. 

Magnetic spectrometers are capable of better energy reso

lution and larger solid angles. The energy resolution is then usually 

limited by the quality of the beam and the homogeneity of the targets 

rather than by the spectrometer. 

In order to allow experimental studies with good energy 

resolution and large solid angles, it was decided to install a 



quadrupole-dipole-dipole-dipole (Q3D) magnetic spectrometer at the 

tandem laboratory of Saclay. 

II - HISTORY OF THE SACLAY Q3D SPECTROMETER. 

A Q3D spectrometer has been ordered in July 1973 and it 

became operational in the beginning of 1976. This time period 

could be divided in three different parts : 

1973 The magnetic elements, scattering chamber and detection chamber 

have been constructed in Sweden by Scanditronix. At the same time a 

concrete basement covered with an epoxy larger to allow the leveling 

of the spectrometer median plane within +_ 0.01°, has been prepared at 

Saclay. The rotating support, lifted by four air pads has been received 

in October. The automatic pumping system has been build and was 

ready by the end of 1973. 

1974 The whole set has been received in March 1974 and the complete 

mounting began in October, after the measurements of the field mapping 

in the different magnets. 

1975 The mounting of the spectrometer has been completed in March. 

A solid state position sensitive detector has been mounted on a small 

carriage which could be moved in the detection chamber. This arrange

ment has been used for various tests. 

- The position of the focal surface has been determined using 

alpha particles emitted by a radioactive source mounted in the scatte

ring chamber. 

- The best measured resolution has been 1.4.10 in 
P 

- Tests have been performed using protons (12 and 14 MeV), 
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alpha particles (18 and 24 MeV) and O ions (25 and 49 MeV)plastically 

scattered at 25* from , 9 7 A u (100 and I pg/cm 2), I 5 2 S m (30 pg/cm 2), 
27 2 12 2 

Al (30 Pg/cm ) and C(30 pg/cm ) targets. The quadrupole field of 

the multipole magnet was ajusted to obtain a first order image on the 

position sensitive detector. A relation between the kinematic factor 

( k» — -r|) and the quadrupole field of the multipole has been determined 

to compensate for kinematic effects when large solid angles are used. 

Tests with higher order multipole fields have been performed using 
27 the a + Al elastic scattering at 18 MeV. Sane energy resolution has 

been found using the full angular acceptance A6 « +_ 60 mr as using a 

small angular acceptance Afl « _• 1 mr without multipole corrections. But 

the influence of higher order multipole fields not only depend on higher 

order kinematic effects but also on the shape of the angular distribu

tion averaged over the angular acceptance which is used. 

In parallel with these tests, we defined and build a detector 

which I want to describe now. 

Ill - PROPORTIONAL GAS COUNTER. 

The sizes and quality of the detector depend on the following 

features of the Q3D spectrometer : 

- resolution 1.4 10 in -E 
P 

- dispersion 13 cm for —*- • IZ 
P 

- curved focal surface, 240 cm long 

- height of the image • 12 mm when the full azimutal openning 

is used. The size of the Q3D focal surface image has been measured with 

a X-Y proportional gas counter which consists of two crossed indépendant 

stages with a delay line cathode readout. Its intrinsic resolution for 

8.78 MeV alpha particles is 0.3 mm in both directions. 



- 4 -

As it can be seen, it is not possible to use silicon position 

sensitive «Sectors all along the focal surface, so we decided to build 

a position sensitive proportional gas counter. 

A cross section of the detector is shown in fig. I. It is a 

two stages proportional counter, the first stage measuring the position 

(P) along the focal surface and the energy loss (AE), the second stage 

the residual energy (ER) (for light heavy ions). The 2.5 cm high slott 

in the front cover plate allows vertical and horizontal motions of the 

counter with respect to the focal surface. Clear mylar foils are used 

for entrance window. The counter is usually operated at 200 to 350 torr 

for which 6 vim window is used. At pressures lower than 200 torr, one 

uses a 2.5 um clear mylar window. The stopping gas is an Argon (90%) 

methane (I0Z) mixture. 

The first stage of the counter consists of a resistive wire 

proportional counter. One uses a 15 um in diameter Nichrome wire, midway 

between two plane cathodes made of 2.5 vim aluminized mylar foils spaced 

I cm apart. The energy loss information is given summing the charges 

collected at both ends of the anode wire and the position information 

dividing the charges collected at one and by the sum of charges collected 

at both ends. 

The second stage is a proportional counter, the anode of 

which is a 100 pm in diameter gold plated molydenium wire, midway 

between the second alumimized mylar foil and the rear cover plate 

spaced 10 cm apart. 

Due to the shape of the focal surface, the active length of 

the counter has been limited to 60 cm, corresponding to an energy rang', 

of 10%. 
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Taking into account the dispersion and the resolution of the 

Q3D spectrometer, the required position resolution is 1.8 ran. The posi

tion resolution of the counter has been measured in a vacuum chamber 

with alpha particles emitted by a radioactive source (8.78 MeV) 

collimated in order to illuminate 0.9 mm on the resistive wire. Under 

these conditions the measured position resolution was 1.4, 1.5 mm leading 

to an intrinsic counter resolution of about 1.2 cm (for ^ 200 keV energy 

loss). 

Energy loss and residual energy resolutions of 10% and 3* 

(FWHM) respectively were obtained. 

I'll not present here the electronics we use with the counter 

but I would like to describe the philosophy which is adopted for on 

line control of the data. 

The digital informations concerning AE, ER, P signals a r e 

processed by a V73 Varian computer. The energy loss and the residual 

energy informations are both corrected on line as a function of the 

position along the focal surface. This provides two informations CAE 

and CER which only depend on the ion species detected by the counter. 

A real time display of the CAE - CER array is used to identify and to 

select ion species of desired M, Z, Q where M is the mass, Z the atomic 

charge and Q the charge state of the ion. 

The raw position, corrected AE, corrected ER informations 

are stored on magnetic tape and displayed on line. Four position spectra 

corresponding to two dimensional gates on CAE and CER are also displayed 

on line. 

All this allows a complete control of the experiment and 

makes easier the treatment out of line of the data. 
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This detection instrusent, Q3D magnetic spectrometer plus 

porportional gas counter is now expensively used. In 1978, 50Z of 

the beam time delivered by the Saclay tandem accelerator has been 

used for experimental studies needing the Q3D spectrometer. I want 

to present now some typical results. 

IV - EXPERIMENTAL STUDIES. 

It is not possible to present here all the experiment which 

have been measured up to now with ;he Q3D, so I'll only report 

typical experiments which would have been impossible without using 

the Q3D. 

ÏV.1 - Elastic and inelastic scattering of 0 ion on 

" g - , M S - ,« 66 neV » 

The main interest of these experiments was to measured angular 

distributions of the elastic scattering and the 2 low lying states to 

provide optical model parameters for optimum Q value studies of the 

( 0, C) and ( 0, C) transfer reactions on even samarium isotopes 

at 66 MeV. 

Due to the relatively low excitation energy of the first 2 

state, angular distributions of the elastic scattering and the inelastic 

scattering to the 2 state were nor possible with silicon detector 

because of the energy resolution c: such detectors. These measurements 

have been performed with the Q3D spectrometer. Typical energy spectra 

are shown in fig. 2. It cm be seen that the elastic and the 2 

inelastic peak are very wi>ll separated for the Sm and Sm 
JS'» 

isotopes. For the 'Sm isotope the energy resolution was about 100 keV. 
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The two peaks are not so well separated but the contribution of the 

elastic and the inelastic peaks can be easely calculated with a 

deconvolution procedure. In addition this has led to the observation 

of the unexpected behavior of the elastic scattering, which deviates 

from the Rutherford and Fresnel behavior as shown in fig. 3. 

TV.2 - Study of the < 0, C) transfer reaction on even 

nickel isotopes. 
16 12 The ( , C) reaction was first systematically studied at 

Saclay on f-p shell target nuclei. However the telescope technic used 

at that time led to energy spectra with a poor energy resolution and 

the relatively low cross sections do not allow angular distribution 
2) 

measurements 
16 12 Measurements of the ( 0, C) reaction on even nickel isotopes 

3 4 5) Energy have been performed recently with the Q3D spectrometer ' ' 6 

spectra with an energy resolution (fig. 4) of about 60 keV allowed to 

compare the selectivity of the ( 0, C) with the ( Li,d) reactions. 

Furthermore angular distributions of individual levels has been 

measured with on large solid angle for a quantitative analysis of the 
58,60,62,64M. ,I6„ I2„% 62,64,66,68, , * . . ' ' ' H» ( 0, C) ' * * Zn transfer reactions. Angular 

distributions of the 0*,2* and 3* strongly excited states is shown in 

Kg. 5. It can see the relatively low corss sections which have been 

measured. 

IV.3 - Experimental measurements at 6. . « 0*. 

Some experiments have been performed at 6. . - 0°. The 

first one concern the detection of alpha particles emitted at rest 
12 12 (cm. system) in the break-up of the C-a~ C molecule like 
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28 16 12 

configuration in Si populated through the 0 • C entrance 

channel .In this case the ratio of the magnetic rigidity of 

the been to that of the alpha particle was 
B (beam) / B (a) - 1.75 P P 

!6 allowing to stop the ' 0 incident beam by a tantalum plate in the 

first dipole. The energy spectrum of the alpha particles was studied 

between 2 and 7 MeV by changing the field in the magnet (fig. 6). 

The second experiment was the study of the excitation 

functions of inelastic channels at 180°, populated by the 
24 u /J2_ 12„.24„ . 6) . . . . . ... . .. 
Mg( C, C) Mg reaction . As in this reaction it is rather 

12 difficult to detected the outgoing C ions at 180°, because of 

their low energy in the laboratory system, the reversed reaction 
, 2C( 2 4Mg, l 2C) 2Stg has been used, detecting the , 2 C recoil at 

9. . • 0°. In this experiment, it was excluded to use a silicon 

detector at 0" in a usual scattering charter. 

The Q3D spectrometer was set at 0* and an aluminium foil 

was mounted in front of the counter to stop the incident beam. An 

excitation function corresponding to the 1.37 MeV excited state of 

Mg is shown in fig. 7. 

V - IMPROVEMENTS. 

A variety of heavy ion induced reactions has been studied 

with the Q3D spectrometer, examples of which have been shown in 

section IV. The proportional counter has shown a great ability to 

identify masses up to A * 24 at energies greater than 20 MeV. For 
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lower energies and heavier masses the resolutionof the residual 

energy signal get worse due to the fact that almost all the energy 

of the particles is lost in the intermediate mylar foil. This is 

a limitation in the use of the proportional counter. In order to 

improve the detection along the focal surface we decided to build 

a detector with the following properties : 

- a clean geometry without any intermediate foils 

- E | information with a good resolution instead of 

a residual energy information 

- improved ^E resolution 

- wider energy ran^e, 16% instead of •»» 10% 

- measurement of the vertical position. 

The fourti property depends on the active length of the 

detector. Due to the fact that the focal surface is a piece of 

cylinder, the radius of which is 2.5 m, two position informations 

are required to determine the position along the focal surface 

when the used active length becomes longer than 70 cm. Taking into 

account the required accuracy for the five quantities measured with 

the detector the sizes of the detection chamber, the capacitance of 

the detector, an active length of 100 cm long corresponding to an 

energy range of 162, with two position measurements spaced 6 cm 

apart seems to be a good compromise. 

A cross section of this counter is shown in fig. 8. It is 

a combination of an ionisation chamber an proportional counters, 

which operates on the same principles as those built at Rochester 
7 8) and Argone ' . 
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Incident ions are stopped in the gas volume between the 

cathode and the shielding grid spaced 3 cm apart. An electric field 

causes the electrons to drift towsrds the anode plate which is spli 

into five sections. 

Two proportional counters P, and P~ are used to calculate 

the position of the events along the focal surface. The anode plate 

between P. and P. gives on energy loss information. A proportional 

counter P- has been mounted at the back edge of the anode plate. 

It indicates whether or not the particles are stopped inside the 

detector. The anode plate between P« and P~ could b? used to mea

sured the residual energy. 

The total energy (E .. signal is obtained by analogue 

summation of the frisch grid and the cathode signals. The vertical 

position D can be obtained using the cathoda and the P., P» et P, 

signals to measured the drift time of the electrons. 

The stopping gas is pure isobutane. Its stopping power is 

about three time greater than for argon-methane mixture at a given 

pressure. This means that the gas pressure and the thickness of the 

entrance window can be reduced. The depth of the counter has been 

taken equal to 20cm so that ions with a large spread in range can 

be detected at pressure lower than 200 Torr. Clear mylar foil, 

2,5 um thick, can be used for the entrance window. 

Tests have been performed in a vacuum chamber using a 

radioactive alpha particles source.These tests have shown that 

the total energy (E t o t f li) and the energy loss (AE) can be measured 



with a resolution of I.5Z and 3.5% FWHH respectively. The position 

resolution of P. and P_ is about 1.3 ram. Tests have been also 

performed with a beam of 0 ions, elastically scattered at 20* 

from a gold target. The total energy and the energy loss resolutions 

are similar to those obtained with the alpha source. 

These tests allowed to define the electronics and the computer 

processing programme which will be used in routine with this counter. 

After some modifications concerning the mounting of the 

entrance window, tests will be performed next month with heavy ions 

and this counter will come in routine operation by the and of april. 

The one line contrôle of the experiments has been defined 

as follows. 

The five raw informations P., P 2, AE, E . and D will be 

stored on mathetic tape for each event. In addition these data 

will be processed on line by a V73 Varian computer. The position 

along the focal surface (S) will be calculated on line as a function of 

P and P .The focal surface approximated by a piece of cylinder, will 

be set between the two front position sensitive proportional counters 

as shown in fig. 8. A first order calculation of the position S can 

be written as follows : 

S.S<P,)+g- ( V P2<V) 
where P. and P, are the positions informations delivered by the two 

front proportional counters, 5(P.) is the abscissa along the focal 

curve which correspond to an average trajectory having a position P, 

along the first wire and P~ along the second one. S(P.), jp-(P|) and 

^(P.) will be calculated beforhand as a function of P. and stored 

in memory of the V73 computer. 
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Total energy and or.;r̂ y loss data will be corrected on 

line as a function of S to -r.vide informations CE^ .. . and C^E 
total 

which only depend on the ion* -pecies. 

Calculated S, ivrrt::si .LE, corrected E^ .. ,, vertical 
total* 

position (D) informations anc::j- positions spectra corresponding 

to two dimensional gates en C.Z and CE will be displayed one 

line. A real time displav of the C1E-CE „ , array will be used 
r total ' 

for ion identification. 

This detecto- will r = ziore effective than the previous 

one for heavy ion identifica:::n over a large energy range and a 

large mass range. 

In order to improve :he final energy resolution we are 

planing to install a new 90 s magnet at the exit of the tandem 

accelerator, allowing an inclient beam analysis with a resolution 
-4 close to 10 , trying in that vay not be sensitive to the incident 

energy spread. 

VI - CONCLUSION. 

The Q3D spectroneter vith the proportional counter has 

already shown a great ability :c« study nuclear reactions at the 

tandem energies for which a c:cz energy resolution and large solid 

angles are required. The icpr.-vesents presented below will allow 

to detect heavier masses and .;<s energizing ions with a better 

energy resolution. 
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FIGURE CAPTIONS. 

Fig. I Cross section of the proportional gas counter J_ entrance 
window, 2 plane cathodes made D f 2.5 urn aluminized mylar 
foils, 3_ anode wire of the first stage, 4 anode wire of the 
second stage. 

r.- •> c ,_ 148.15D.I52_ ^ I6 A , . „„ . 
Fig. 2 Energy spectra of the ' Sm + 0 elastic scattering 

and 2 inelastic scattering measured at 66 MeV incident 
energy and 6. . - 70*. 

Fig. 3 Angular distributions of 0 • Sm elastic scattering and 
2 inelastic scattering at 66 MeV incident energy. 

Fig. 4 Sample spectra of the Ni( 0, C) Zn at three scattering 
angles with identified energy levels between Ex - 3.19 and 
6.30 MeV. 

Fig. 5 Measured angular distributions of the Ni( 0, C) Zn 
transfer reaction leading to the strongly excided 0 , 2 
and 3 states. 

Fig. 6 Alpha spectrum at 53 MeV incident energy. Each point tor-
responds to a choice of a Bo value. 

Fig. 7 Excitation fonction of the 2 state in magnesium - 24 
(Ex -1.37 MeV) at 180". 

Fig. 8 Cross section of the ionisation chamber 
W entrance window, P., P»» P., position sensitive proportional 
counters, AE energy loss anode plate, G frisch grid, 
C cathode plate. 

http://148.15D.I52_


Fig. 9 Position of the focal surface with respect to the wires 

W. and W_ of the two front proportional counters. 
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