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ABSTRACT

A small, 50x60x50 mm’ gas chamber was realized to be used as tran-
sparent AE detector in front of solid state position sensitive detec-
tors ( PSD ). It has two rectangular openings, covered by thin poly-
propylene foils (t=1000 A). The electrical field is along the particle
trajector¥, with electron collection at the centre of the chamber.
Tests by '2C ions of E =54 MeV, done using the chamber in telescope
with a silicon PSD, haveé shown its good linearity and energy resolu-
tion.

1. - INTRODUCTION

The telescopes of detectors are the most used tools to identify
particles produced in heavy ion reactions. However, when the energy
of the particles is not sufficiently large, it is difficult to use
solid detectors as AE detectors, for they must be extremely thin.

It is better, in many cases, to use gas detectors for AE measure-
ments.

Ionization chambers ( IC ) to detect heavy ions have been exten-
sively studied, built and used(1'1°), so that the principles of
their functioning are well known. Many of them use a solid state
detector placed inside(®~8). However, when one prefers to use PSD's,
this configuration is perhaps not the best, since in some runs du-
ring measurements, one must put in front of the PSD a grid, that is
a system of parallel slits, to calibrate the 'position' signals of
the detector(!!»!?), It is useful to put the grid at small distan-
ces from the detector and, if possible, without matter between them,

to avoid angular spread out of the impinging ions. So we chose to
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build a chamber with two windows, both covered by thin foils,
to use it as transparent AE detector, put outside the PSD.

Some of the chambers have the electric field perpendicular to
the particle trajectory(3®~%,77%): this allows to put a Frisch
grid inside the chamber to improve the electron collection. We
preferred, on the contrary, following the suggestion of a C.R.N.S.
group(s), to use a longitudinal electric field. This allows to
maintain small the dimensions of the chamber having at the same
time all the walls at ground potential without distorting the in-
ternal field. This smallness of the chamber is very useful if one
needs to do measurements at very small angles (ezoo).

Different gases and mixtures of gases have been studied and
used(!?®,!'*%) and one knows their transport properties for electrons
and ions. We have studied the Ar-CH, mixture and isobutane, because
of their good production of electric signals. We have chosen iso-
butane, which produces signals rather insensitive to the electric
field inside the chamber(!3,!%),

The description of the ionization chamber ( IC ) and the results
we have obtained in the calibration by '2C ions accelerated by the
MP Tandem of the National Laboratories of Southern Italy ( LNS ) in

Catania are in sect. 2; the conclusions are in sect. 3.

2. - THE TRANSPARENT AE IONIZATION CHAMBER

2.1. - Description of the chamber

Fig.1 reports the photography of the chamber, closed ( fig.l1a )
and open ( fig.1b ). As one can see, it is formed by an almost cu-
bic container inside which six rectangular, parallel and equally
spaced rings are put. The third ring starting from the end is at
Vmax>0; it has the inner opening slightly smaller than the other
rings and is constitued by two rings, one inside the other and
connected by a resistance. The outer ring brings the HV, the inner
one is the collection ring and is connected to the preamplifier.

The electrical scheme of the chamber is shown in fig. 2. As one
can see, the distribution of potential is asvmmetric with respect
to the centre of the chamber: this is useful to compensate, at
least partially, the component of the electron speed along the par-

ticle trajectory.



Fig. 1a Fig. 1b

Fig. 1 - The ionization chamber: a) closed chamber; b) open cham-
ber showing the configuration of the potential rings.
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Fig. 2 - Electrical scheme of the ionization chamber.

The two parallel rectangular openings, 50%6 mm?, centered on
the chamber axis, which appear on the front and rear walls of the
chamber, are covered by =1000 A thin polypropylene foils glued on

the inner sides of the metallic walls and supported by the pressure



rings. The thickness of the foils and their uniformity were opti-
cally controlled(!¢). So it was possible to correct well for dead

paths of the particles in the chamber.

2.2 - Calibration of the chamber: experimental procedure.

The ionization chamber was filled by isobutane in the continuous
gas flow system schematically reported in fig. 3. The pulses produ-
ced in the chamber were sent to a PC-series ORTEC preamplifier, then

to the main amplifier and finally recorded by the acquisition system.
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Fig. 3 - Schematical representation of the gas flow system:
CyH:0 = gas bomb, SC = scattering chamber, IC = ionization
chamber, RP = rotary pump, TP = turbomolecular pump, PM =
absolute pressure meter, VM = vacuum gauge, MAN = membrane
manostat.

The pressure was stabilized by a membrane manostat supplied by
Leybold-Heraeus Co., having a stability of 1%. Two different gas



pressures ( 50 mbar and 100 mbar ) and two different values of the
HV ( Vmax=250 V and Vmax=500 V ) were used in a first test of the

chamber by a three peaks 2?%°Pu-2"'Am-%"3Cm o-source, with a-parti-
cles energies of 5.15, 5.48 and 5.79 MeV, respectively. The pulse

heigths were well proportional to the pressure, but showed to de-

pend a little on the HV values: this means that it is difficult to
reach the saturation in the charge collection with the chosen con-
figuration of the electric field.

From the results of the test the values of p=100 mbar and Vmax=
500 V were chosen to work with heavy ions.

The IC was put inside the scattering chamber of the LNS, and
mounted on one of the rotating platforms. A silicon PSD, supplied
by ENERTEC, 300 pm thick, screened by a 45x6 mm? diaphragm, was
placed behind the rear window at a distance of 2 cm, sufficient to
allow a calibration grid, rotating independently with the other
platform, to be inserted between the chamber and the detector. The
distance of the detector from the target was =33.6 cm, so that it
covered an angular range of 7.6°.

The target was self supporting enriched 1182100 ng/cm? thick.

A '2C beam, with an intensity of =2 pnA, accelerated to E=56 MeV
from the 15 MV Tandem of the LNS, was sent on the target.

The central angle of the telescope was fixed at 10.3°. So, du-
ring the experiment, the scattered !?2C particles were detected
between 6.5o and 14.10. The most part of them were, of course,
elastically scattered, so that the energies varied between 55.0 MeV
and 52.7 MeV. The angle calibration of the PSD was done placing
in front of it a grid, constitued by ten parallel slits, 0.3 mm
wide, orthogonal to the detector axis, grouped five by five. The
distance between the centres of two adiacent slits in each group
was 3.1 mm, while the two nearest ones of both groups were distant
6.2 mm. So the system appeared as one of 11 slits, with the central
one missing: this is wvery useful to check well the position of the
central angle when analysing the data.

The pulses produced in the PSD and those produced un the IC
were amplified, digitalized and sent in coincidence to the acqui-
sition system. The experimental set up is schematically represented

in fig. 4.
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Fig. 4 - Experimental set up of the chamber-PSD telescope
2.3. - Calibration of the chamber: results.

Using the 'energy' and 'position' pulses given by the PSD when
the grid was in front of it, the angular calibration of the teles-
cope was obtained.

Fig. 5 shows the bidimensional linearized pulse heigth spectrum
of the telescope, when the calibration grid was removed. The diffe-
rent paths in the gas of the particles having different angles of
incidence on the entrance window are taken into account by the fac-
tor 1/cos(6-eo) in their energy loss, being 83 the angle of emis-
sion of the particles at the centre of the window.

Choosing then the pulses produced by the elastically and inela-
stically scattered '?C ions, it was easy to compute the energy loss
AE associated to the heigth of each pulse from the IC and to calib-



rate it. The values of the specific energy losses dE/dx were ob-
tained by the well known tables of J.F.Ziegler (!7),
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Fig.5 - Linearized bidimensional spectrum of the telescope pulses.
E and AE are the channel numbers of the 'energy' pulses
of the PSD and of the IC, respectively. When the energy
loss is much smaller than the energy and this last is suf-
ficiently high to avoid charge variations of the incident
ion, one must obtain AE*E/As = a(Z,M) + b(Z,M)*1nE, due to
the linearity of the used detectors, with As:1/cos(e—eo).

The energy response of the chamber is shown in fig. 6. The ener-
gy resolution is = 6%, which corresponds to a resolution of = 3%
in Z and M, as one can extimate in part also from fig. 5 and from
fig. 7, where the bidimensional spectrum of Zv/M vs E is shown for
the particles produced in the used heavy ion collision. This ener-
gy resolution is measured relatively to Z2=6, due to much higher

number of pulses of carbon ions.
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Fig. 6 - Energy calibration of the ionization chamber by '*C nuclei
scattered elastically and inelastically by g at Einc=56 MeV
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Fig. 7 - Bidimensional spectrum Zv/M=/{ E-<AE cos (6-6 _)/[a'+b'ln(E/M)]}
vs E+AE. All the pulses result distributed on horizontal
straight lines placed at the different %Zv/M values. Here E
and AE are the true values of the energy and energy loss of
the particles, as measured by the PSD and the IC, respectively.



3. - CONCLUSIONS

The ionization chamber we have realized for charge identifi-
cation of heavy ions is particularly suitable to be used in
connection with solid state PSD's, due to its configuration as
transparent gas detector.

Used with isobutane gas at moderately low pressures it gives
a pulse width of 130 keV for o-particles loosing 2 MeV inside it
and 160 keV for !2C particles loosing 2.7 MeV. This width seems
to be independent on the energy loss and on the HV supply.

The smallness of the chamber makes it very useful when measu-

rements at very forward angles are required.
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