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Abstract 

A simple method for bidimensional position read-out of Parallel 

Plate Avalanche counters (PPAC) has been developed, using the induced 

charge technique. An accuracy better than 0.5 mm (FIVHM) has been 

achived for both coordinates with 5.5 MeV a-particles at gas pressures 

of 10-40 torr. 
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We have developed a method for tridimensional position read-out of 

Parallel Plate Avalanche Counters fPPAC), to be used with light as well 

as with heavy ions, where fast timir.g and accurate position determina

tion are required. 

PPAC have become an important tooi In Nuclear Physics, having 

excellent timing properties * ' and a high counting rate capability '. 

However, in most experiments timing measurements are not the only 

parameter to be measured. The position of the particle is often required 

for determination of scattering angles or simply in order to correct 

the measured time, which is position dependent due to the propagation 

time along the anode plane. PPAC may be then associated with other, 

position-sensitive, gas counters such as MWPC or Drift Chambers '. 

It would however be more convenient to measure both parameters} 

time and position, using only one detector. 

It has recently been shown that fast timing can be achieved 

when operating MWPC at low gas pressures. Such detectors may 

combine a good time resolution (better than 0.8 nsec with 5.5 MeV 

a-particles) and an accurate position determination when using cathode 

induced charge read-out . The time resolution offered by PPAC being 

however 4-5 times better than that of MWPC, it seemed attractive to 

try and develop a position sensing method for these counters. 

Some attemptsiiajtiB^been recently made to construct position-

sensitive PPAC, by dividing the anode of the counter into coaxial rings 

and applying one read-out amplifier to each ring . This method has 

some inconvenient features: the position resolution is limited to the 

spacing between rings (no possibility of interpolation), only one 

coordinate is measured and the cost of electronics is considerable. 



We have found that the induced charge method * t frequently used 

for MWPC read-out, may be successfully applied and seems to be more 

convenient for the position determination of the avalanche in PPAC. 

When an avalanch' occurs on the anode plane, a positive charge is 

induced on the cathode by the motion of positive ions in the strong 

electric field. This induced charge is centered on the avalanche 

position . If one divides the cathode plane into narrow strips, each 

of the strips in the region of the avalanche is going to acquire part 

of the induced charge. The ccntroid of the charge distribution will 

provide accurate information about the position of the avalanche. The 

bidimensional position can be measured when using a chamber having a 

central anode plane , and two cathodes having strips running at some 

angle with respect to each other (usua.'.ly 90°). The timing signal 

from the central anode, is the linear ;um of the pulses produced by 

the gas amplification in the two independent gaps. This improves 

timing conditions. 

Several methods have been developed, in order to measure the 

centroid of the induced charge in MWPC; most important are the delay-

line method , various charge division methods , direct computing 

of the centroid * or some digital methods that are used for anode 

wires read-out. We have tried to apply one of the simplest and efficient 

amongst them - the delay-line read-out method. Each of the strips is 

connected to a tap of a tapped delay-line, and we get the position of 

the avalanche by measuring the delay time between the pulse on the anode 

and those propagating along the delay-lines. The principles of the 

method are illustrated in fig. 1. 
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We have built a small prototype of 30 x 30 mm and have tested 

it with 5.5 MeV a-particles. The anode is made of a 2.5 ym Hostaphan 

2 
foil evaporated with 10 ug/cm of Aluminum on both sides. The foil 

is stretched on a metal frame, to which a positive potential is applied 

and from which the timing signals are extracted through a 100 pF capacitor. 

The cathode consists of 2.5 pm Hostaphan foils stretched on epoxy resin 

2 
frames. The Aluminum strips (10 ug/cm ) are evaporated on the foils 

and connected by means of a conductive paint to the taps of a delay-

line (TOKO 351RET2006.N) having a delay of 20 nsec between taps, and a 

characteristic impedance of 350fl . The strips are 1 mm apart 

(center to center) and are 0.6 mm wide. They are grounded through the 

350n termination resistors at each end of the delay-line. The gap 

between the anode and each of the cathodes is 2 mm. 

The detector has been operated using isobutane in a range of 

pressures from 10 to 40 torr. Timing signals from the anode were sent 

121 
through a fast amplifier to a Snap-off timing discriminator 

(Elscint STD-N-2) to provide a START signal to the two TAC's which 

measure the position. The signals from the cathodes were sent through 

131 
ground-gate FET amplifiers J to Timing Filter Amplifiers (ORTEC 454). 

They have been shaped with x. ^ = 100 nsec and T,.CJ.
 S 20 nsec and 

int dirr 

than fed to Constant Fraction Timint Discriminators (ORTEC 453) to 

provide the STOP signals. The relatively long integration time has 

been chosen in order to ensure a correct interpolation of the signals 

arriving from the delay-lines; it should always be longer than the 

delay between adjacent taps. 

As a first step, the whole surface of the detector was irradiated. 

The tine distribution, from the delay-lines, showed a periodic oscilla

tion, with a wave-length equal to the strip spacing. Careful scanning 
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with a source col Unrated to 0.2 mm provided a precise image of the 

wave-form Csee fig. 2). It seems to us that the reason for the 

oscillation is related to two main factors: the narrow gap between 

the electrodes and the fact that the width of the strips is large in 

comparison with their spacing. 

It is well known that the width of the induced charge distribution 
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on a cathode of a MWPC is about twice the gap size ' '. This large 

spread is due to the initial motion of the cloud of the positive ions 

in the electric field of the anode wires. Since this field is 

radially symmetric up to distances of a few wire diameters, the 

positive ions will move away symmetrically from the wire. That is not 

the case in PPAC where the avalanche develops all along the gap, in a 

constant electric field. In this case, the cloud of the positive ions 

will move in a direction perpendicular to the electrodes, and the 

distribution of the induced charges will be narrower (see fig. 3). 

That means that only a few strips share the total induced charge. If 

those strips are large, the interpolation of the centroid will not be 

performed correctly. The "plateau" around a "strip" position on fig. 2 

confirms this hypothesis. Fig. 4 shows a position distribution when 

the collimated source is in front of a strip (FWHM « 0.23 mini or between 

two strips (FWHM = 0.46 mm).The factor of two in the resolution is again 

related to the poor interpolation. 

The read-out delay-lines we have used have a rather long delay 

per tap (20 nsec), which is not suitable nainly for two reasons: the 

need for long integration times which leads to difficult timing 

conditions, and a long propagation time, which introduces a long 

dead-tiae and causes a considerable attenuation of the signals when 
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going over to large detectors. A delay of 5-10 nsec per tap seems to 

be reasonable and if very high accuracy is required, a larger density 

of strips may be applied. A ratio of 3-4 has to be kept between the 

spacing and the width of strips in order to ensure a correct interpola

tion. 

It has to be noted that the narrow distribution of induced charges 

has an important feature, that of an efficient multiparticle separation. 

One may even subdivide the anode foil into strips, to provide an 

additional coordinate in order to remove ambiguities arising when 

several particles cross the detector simultaneously. In such a case 

other read-out methods, such as direct computation of the avalanche 

centroid , may be applied but one has to pay the cost of much more 

expensive electronics. 

We consider these first tests as very encouraging. We have shown 

that the induced charge read-out may be successfully applied to PPAC, 

converting it into a versatile time and position detector. We think 

that in the domain of Nuclear Physics, this detector can lead to 

important progress in accuracy and cost of detection. 

We are indebted to Eng. B. Feldman and to Messrs. L. Sapir, 

A. Kariti, M. Arieli and I. Sidi for their technical help. 
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Figure Captions 

Fig. 1. Principles of tridimensional, induced charge, read-out 

from Parallel Plate Avalanche counters. 

Fig. 2. Precise position scanning along one of the coordinates. 

Error bars correspond to FWHM of the positions distribution. 

Width of total error around a straight line fitted through 

the center of strip positions is 0,5 mm. p=2S torr, HV=1050V. 

Fig. 3. Nature of the avalanche development and motion of the clould 

of the positive ions, responsible for the spread in the 

induced charge distribution on the cathode in a) MWPC, b)ppAC. 

Fig. 4. Position distribution of collimated particles. Source is 

placed in front of a strip (left, FWHM » 0.23 mm) or 

between two strips (right, FVHM =0.46 mm). Isobutane, 

p»2S torr, HV=1050 V. 
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