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ABSTRACT. 

A multiwire proportional chamber with both cathode and anode readout has been constructed 
and tested. A new method for subdividing the high voltage plane and reading its information is used. 
This allows complete flexibility in choosing the sizes and forms of the sensitive zones of the c a tho 
des and, furthermore, makes easy the rejection of "ghost tracks!! arising from high multiplicity
events in the chamber. 

Efficiencies for both cathodes and anodes are ,. 98 %, while the cross -talk between neighbou 
ring cathodes is < 1 %. The limits of this method have been investigated with a Fourier analysis -
and the best combinations of the electronic parameters of such a chamber have been found. 

1. - INTRODUCTION. 

Different methods have already been studied for using the additional information coming from 
the cathodes of a multiwire proportional chamber (MWPC) . Delay lineO) and charge division me
thods(2) give a good space resolution if sophisticated and carefully calibrated electronics is emplo
yed. Alternatively, dividing the cathode planes into individual detectors and treating them as binary 
elements(3) requires standard electronics but gives only rough space information. This is valuable 
when a low mass hodoscope is needed, particularly if a difficult shape to obtain with present scintil 
lator techniques or operation into a magnetic field is required. -

Up to now the main limitations to this detector design come from the difficulty of getting both 
the cathode and the anode information - thus limiting the intrinsic space accuracy of the chamber -
and from the need of sacrificing part of the sensitive surface for picking up the signals. 

We demonstrate that both these difficulties can be over come with the suitable use of RC fil-
ters . 
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2. - PROTOTYPE CHAMBER AND EXPERIMENTAL SET UP. 

Our experimental set up is s hown in Fig. 1. 

The multi wire propor tional chamb er cha r acteristics are sUIPmari zed in T able 1. 
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FIG. 1 ;.. A schemati c representation 
of the experimental set up. 

The chamber was filled with a mixture of 75 % Ar I ........ 25 % C02 and a small frac tion « 1.5%) 
of Freon] 3 B 1. The high voltage planes of this l\!IWPC are shown in Fig. 2. 
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FT G. 2 - The high voltage pl ane of the prototy pe c hamb er. The linking resisto r s a re obtai 
ned through graphyte deposit. a) high voltage side, b) low voltage sid e . 

E a ch cathod e consists of four copper squares (7.4x 7.4 cm 2, 100 /L m t h ick, 2 mm space d) on 
a vetronite support (2 mm t h ick), The first receives the high voltage di r ectly from t he power sup
ply while the others are connected in series each via a resistance? 100 K.Q obtained through a 
graphyte layer. T he signal s, induced on a cathode segment by the Townsend avalanche around a 
sense wi re , a r e picked up via a high voltage capacitor made from a t hin (100 1-1 m) piece of copper 
glued to the reverse side of the vetronite foil. The resulting circuit is illustrated in Fig. 3. 

Two aims are reached in this way: no part of the high volt age plane is devoted to transmit
tin g lhe s ignals outside the detector, and measureme nts on anodes and cathodes can be made si 
multaneously . 
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Tests have been done with a 90Sr source col 
limated to 5 mm in diameter by a plexiglass block 
and then to 1 mm 2 by coincidence of two small sta.,g 
gered scintillation counters 81 and 82 (see Fig. 1). 

Signals from cathodes, anodes and scint illa
tors are amplified and shaped through stanc;iard 
NIM(4) modules and analyzed via a CAMAd 5) da
ta acquisition system connected to a NORD 10 
computer. 

Efficiencies, signal amplitude spectra and 
jitters are obtained with this set up. 

FIG. 3 - Equivalent circuit of the cathudes 
and their preamplifiers . 

3, - EXPERIMENTAL RESULTS, 

Co 
/ 

The first approach was to determine the high voltage capacitor value. 

The signal coming from a cathode mes h was filtered through capacitors ranging from 10 to 
300 pF (with RLOAD = 50 !on. The pulse amplitude a nd jitters are shown in Fig, 4. Values between 
15 and 50 pF were chosen for the prototype chamber, as they gi ve good efficiencies and limit the 
cross-talk between nei ghbouring squares. 
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The choice of this parameter in such a chambe r is very important. We simply stress that mi 
nimizin g the c ..J. pacitor value (the limit being given by the readibility of the signal) allows a be tter
time resolution (Fig. 4) of the read Qut chain . The intrinsic time resolution of a MWPC, once the 
mechanical parameters are fixed , depends on the gas mixture u~ed for filling it and , in particular, 
on the percentage of an electronegative gas like the Freon 13 B 1 \ 6). 

For this reason, after the measurement of the efficienc y curve for both wires and squares 
(Fi g. 5). we studied carefully the Freon 13Bl percentage dependence of the chamber, looking in
to signal amplitude, jitter and efficiency variation for the cath9des (Fig. 6). The same data for 
the wires a r e rp.ported in Fig. 7 . 
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FIG. 7 - Anode characteristic variation with Freon 13 B 1 percentage. 

Finally the cross-talk between neighbouring squares is studied, centering the fJ-source on a 
cathode segment and looking at the signals coming from the others. The result of this test is iUu
strated in Table II. 

TABLE II 

~ when source 
is on 

% Freon chess: B C D 

0.2 17 4 0 

0.8 13 8 0 

1.5 22 8 4 

4. - COMMENTS ON EXPERIMENTAL RESULTS AND LIMITS OF THE METHOD. 

Our detection system has the following parameters (see Fig. 3): 

R H _T 
100 KQ , 

C p 5 pF , 

15 ~ CD ~50 pF 

R
LOAD 

50 Q , 

Number of cathodes 4. 
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In order to d iscuss the limits of our read out m ethod we made the following schemati zation. 
T he chesses can be organi zed in two types of chains (Fig. 8): 

A) with serial transmission of h i gh voltage - as in our prototype, 
B) with parallel transmission of high voltage f r om a common line. 

CHESS 1 

,-~~~ [~~~~ r-C;;=r i~,j-t-
!1J\" \. r~c,: I,", t I . 

1(=3 rrmr 

aJ SER IAL 

bJ PARALLEL 

FIG . 8 - E l ectr onic schemes of t he two fund amental types of cath ode chains: 
a) serial, b) par alle l. 

The aim of the analysis we a r e reporting was to find the values of the rel evant parameters 
lis ted a b ove for which the s i gnal to cross - talk ratio was better . 

The possible cause of c ross - talk between neighbourin g elements is the RC (or simply the C) 
interconnecting them. The first approach was to check the validity of our method with our experJ:. 
mental data, so: 

a) We fitted the induced pulse with the followin g curve 

1 
0 t < 0 

(V I / t 1)t o .s, t < t1 
V(t ) 

A t2 + B t + C tl ~ < t1 

VI exp ( - In 2 
t - t3 

t3 ~ t ~ t5 
t4 - t3 

• 
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2 
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b) We found the Fourier power spectrum (FPS) of this pulse . 

c) We found the transfer function (T) for signals picked-up on neighbouring elements to the hit one 
in chains A and B and when the coupling is simply capacitive (chain C) . 

d) We made the convolution s between the power spectrum (Fig. 9) and the transfer functions and 
found the results shown in Fig. 10. 

Putting together the information contained in this figure and in Fig. 4a we have good agree
ment with results shown in Table II. Having proved the applicability of our analysis approach we 
tried to find the optimum values of parameters for all the configurations of chesses . 

In order to perform a more general analysis we restricted the range of variation of some of 
the parameters. It is obvious (Fig. 9) that the cross -talk will be minimized by reducing as much 
as possible the value Cpo A reasonable limit for Cp can be deduced from reference (3a) where 
two conducting deposits of 8 I-'m thickness spaced by 2 mm (i. e. the maximum valu e for avoiding 
efficiency losses) over a lenght 20 cm have I'V 0.5 pF of mutual capacitance . We took this value as 
the limit for C~; what will be described hereafter is obviousl y overstimated for chesses less 
than 20 x 20 em \lsinb current technology . 

A lower limit for RHT is due to the need of inhibiting the resistive way of cross-talk. A 
reasonable value, as confirmed by the following calculation, is "'" 100 K. 

On the other hand the number of chesses conn ected in series gives an upper limit to RHT , 
because of the voltage drop when a reasonable flux of particles crosses the chamber. We have 

with 

N number of chesses connected 10 series, 
L length of the efficiency plateau 
Ii current drawn by the i-th chess of the chain 

For this reason we restricted ourselves to consider values of RHT lower than 5 M.Q . 

The Cn range can lie between 10 and 100 pF for time resolution reasons already mentio
ned and because the fast charge amplifiers which can be used with this device(7) match well with 
these capacitor values. 

The RL values can vary between 50.Q of standard NIM(4) modules and a few K.Q of fast 
charge preamplifiers. 

If energy measurement (i. e. better linearity between input charge and output voltage) is r~ 
quired the upper limit of RL has be to increased. 

We would now repeat the same convolutions we did for our test cathode plane using the para 
meter values in the range we defined before. We limited ourselves to analyze two -e l ement chai,;B 
of various types (A, B and C) because obviously the maximum cross -talk is between neighbouring 
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chesses . In Fig. 11 th e convolution is shown for three different CD values. 
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FIG . 11 - Convolutions between FPS and T curves varyin g the valu e of t he decoupling 
capacitor CO -

Log 10 ,J 

Th e relative importance of this parameter doesn't change with the other param~ters rangin g 
in their chosen intervals, so we fixed Co at 100 pF. 

In Fig. 12 the convol ution is shown varying the linking resistor R HT while in Fig. 13 we 
present the dependence on RL . F rom the previous results we see that we can adopt parameter va 
lues in such a way as to match widely different experimental situations a ll with a good signal to -
cross -talk ratio. 

Better comparisons between different chess organizations can be don e solving linear systems 
equations describing chains A, B and C (see Fig. 8). 

Chain A 

F or j" to N 

row j (1- tlj , K - tlj ,K+l ) [- Il-tl j , l)lj_1 Zs +I/2Zs +Zp) -Ij+1 Zs(1- tlj, N)] + 

+6. Kr- (I- tl .I)I. IZ +[.Z + v-I T tl. K ll- I.(Z +Z )-(1 -6. N)I. IZ -v-I "O 
J, L .1. J- s J S _ ], + , ] s P ],]+ s _ 

Chain B 

For j " 1 to K 

row 2j-1 (1 - 03. K) [ -(1-tl. 1)12· 3Z +1
2

.
1
(22 +2 )-1

2
.2 - 1

2
.

1
2 -I + 

] , ], J- s J- S C ] C J+ s_ 
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RHT := 100 K...n. 
R L = 1 1\ .1'l. 
Cp :=.5 pF 
Co :::100 p F 
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FIG. 12 - Convolutions b . ~ ; -<:'::-J F P S and T curves varying the value of the linking 
resistor RHT. 
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row 2j (1- o. '1_(1 - o. 1112. 2Z -1 2 . lZ +12 .(2Z +Z 1 -
J, K'.L J, J- P J- C J P C 

For j = KtoN-l 

row 2j (J -0. K1 [--12. 2Z -12 . 1Z +12 ·(2Z +Z 1-(1-0. N 111 2 . 2Z] + J. J- S J+ C J S C J. - J+ S 

+(1 - 0K N1 0 KI-12·(Z + Z 1-12 . l Z -(1-0. N)I2·+2 Z -vJ 0 
• J. L: J S C J+ C J. J S 

row 2j + 1 

Chain C 

The same as chain A with RHT =- 0 

With Zs' Zp' Zc as in Fi g. 8 

k = i means: event on chess i 

V is a sinusoidal wave of frequency w . 

Doing so .. ve get the effective voltage V 5 on each chess 

Vs = I I I RL cos(wt - arctg(im1! rell 

where: 

is the current, due to the primary pulse, drawn by the chess, 

is the time at which we pick-up the signal (about 40 nsee from the start of the pulse) . 

This allows the study of more complicated configurations and, in particular, of the cross-talk pr£ 
pagation to distant chesses. We solved these systems with a computer program va rying the pre
vious relevant parameters and mor eover co, NA. NB • NC (NA = number of chesses of chain A, etc . ). 
Considering that the rise time of the primary pulse is of the order of 20 nsec, that we are mainly 
interested in the high freque n cy part of the signal because we want good time resolution, and tak
ing into account the shape of the curves SPS*T, we can restrict ourselves to frequencies ranging 
from the maxima of S curves (about 10 7 H z to 10 9 H z) . 

In Fig. 14 we show the co -dependence of the effective voltage on various chesses of different 
chain types. The fixed parameters have been chosen considering the results of the convolu tions al 
ready presented . 

In Figg. 15,16,17,18 the dependence on RHT' R L , CD' C p is shown. 

We can summarize the results of our calculations in the following way: 

a) Our experimental apparatu s was not optimized. A factor of ten in the signal to noise ratio can 
be gained. mainly reducing Cn. 

b) C n and RHT are the more critical parameters. In order to inhibit the cross -talk the first one 
has to be minimized , t he limit being the deposition technique one adopts for the chesses; the 
second one has to be maximized, the limit being the particles flux through the chamber. 
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FIG . 14 _ Frequency dependence of the effective voltage V s on different chesses. 
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c) Parallel and serial configuration of chesses are roughly equivalent. Putting together both these 
configurations on a single high voltage plane allows a full coverture of the sensitive zone of a 
chamber with a high number of independe nt elements 

5 . - CONCLUSIONS. 

Test performed on a multi wi r e propOrtlOnal chamber with anode and cathode read -out and 
calculations on a new method used for picking-up signals from the cathodes show that one can build 
up c omplex configurations of cathodes without efficiency losses in the whole chamber. The mini
mum dimension of cathodic elements is "1 cm 2 . because of the induced-signal spread(8), while 
the maximum dimension is limited by the cross -talk between neighbouring elements. 

One such chamber with 64 cathodic elements is und~r test for being employed as a hodosc~ 
pe in the WA 7 experiment at CERN SPS. 

The use of the cathode information makes the point finding algorithm easier and quicker (in 
comparison with the present technique of redundant planes tilted at various angles) (9). 
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