


1. INTRODUCTICN

Plagyic Sireamer Tubes (PST} (1] are widely wuged in large
Scale experiments because of their low cost, flexibility and
operation reilabllity. In particular the possibility of analog
readout of Strips transverse to the anode wires for precise
coordinate measurements makes them well suited for large tracking
systems (2]. There is a large iisty of publications devoted to the
spatial resolution of PST achlevable with pickup strips. 'These
Tesults are summarized in table 1. The table shows that a strip
widih usually used for PST with 9x9 mm® cell size 1s about 10  mm.
This choice 18 determined by the width of the induced charge
c¢istribution, which 1s about 10 mm (3] 1f there 13 1o charge flow
along the cathode surface.

However, it should be noted that the resclution in PSTs 1is
worse ihan for the case of strip readout of ugsual proportional
wire chambers with the similar geometry. For example, i1n the
Ref.[12} the resclution of about 200 wm in the beam was obtained
in the chamber with a 4 mm anode-cathode gap and with 8 mm strips.
For the case of photon-caused ionization the results obiained with
proporiional chembers are better as well (e.g. =100 pm In the
Ref.[131).

It 13 natural to assume that a worse resolution 19 caused by
local non-uniformities of the cathode graphiting and by local
mechanical deviations which can result in distortions 1n the
infuced pulse shape. Thus, a certain broadening of the induced
signal, such as the one caused by the Integration time increase
(fig.1) and/or the cathode resistivity decrease, might allow the
use of strips with a larger pitch without deteriorating the
spatial resoluiion or even with improving it as wider airips
integratie local non-uniformities.

2. THE EXPERIMENTAL SETUP

e used the standard PST geometry {coverless type) [141:
a plastic profile with a 9<% wn® Internal cell inserted in a
gas-tight envelope. The profile used for the test tube was one of
the profiles made in Frascatli for the DELPHI . 115] hadron



Table 1

Tube |{Sirip Proflle/cover
cell, |piteh Icnization|Resolutlon, resistivity Integration|Ref.
mm mm | source m KOnhm/sq time, ns
OxD 10 *Fre <200 ~160 43
OxG 11 | - beam ~1300 {51
20 440
9x9 5 &00 [Tl
10 bear 350 150-200
(coverless)
9x9 21 cosmic— 2100 20-20,000/ £81
rays /1000
9x9 [12.7 beam 420 2 T,=1.86 ua {91
(coverless)
9%9 | 12 Tre 200-400
beam 400-500 30,300 50 103
9«9 [M12.7 beam TOO 150 t,=1.86 us {143
(coverless)
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Fig.! The broadening of the induced charge distribution caused ' by

the

increasing Integration time

(A — 50 ns,

- — 100 ns,

= - 30C ns). The measurements were carried oul with 4 mm

strips over the 10U kOhm/sq cover.
total charge summed over all strips

signal duration (~100 ns).
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calorimeter. The anode was a Be- {)u wire 80 pm 1n diameter. The gas
mixture was misobutane—25%+'? };_ne_:‘smgle_s ra!_:e and mean charge

The surface res typically
30 k/sq, while'that of the walls “betwedn the delfs” was about

10 k/8qg.
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Fig.2 (a) The singles rate {15 mV/50 Ohm threshold, 300 ns shape
time) and (b) the mean charge versus high voltage (100 ns

Integration time) for the tested tube.
The gas mixture Ar+isobutane=25%+75%; *Sr p-source.

Flgure 3 shows a scheme of the whole mechanical arrangement
for the measurements. A3 we planned to carry out the measurements
with a p-source, special memsures to avoid multiple scattering of
soft electrons were taken.

First, the unnecessary substiance was removed: the holes in
the envelope were made and then were covered with 12 um mylar
(upper side} and thin scotch (lower side); the unnecessary
gubastance from the lower side of the profile and from the lower



Fig.3 Experimental setup: (1) anode wire; (2) profile; 200 pum
thick; (3) penal with heles; (4) 12 pm mylar; (5) 60 um
scotch; (8) strip board, 200 wm thick; (7) upper collilmator,
30 mm thick, Cu; (8) lower collimator, 30 mm thick, Cu;
(9) scintillator; (10) p-source.
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Fig.4 Relative charge distribution over the 1 cm wide strips for
" ihe tested tube.



side of the girip board was removed as well. Secondly, the narrow
upper collimator (500 um slit) and the lower collimator (1.8 mm
811t) were used to select stralght tracks by the coincidence of
signals from the tube and the scintlillator placed under the lower
collimator. The upper collimator and the lower collimator were
mechanically cormected and it was possible to move them along the
tube with”~50 pm precision. The track uncertainty determined by
the geometry of the upper collimator was ~200 um (RMS).

Tre strip board was placed on the side of the profile. The
strip signals were amplified and then commected to the Inputs of
the &-bit ADC (the iIntegration time was 100 ns). In all
meapuremenis the amplifler noise was congiderably smaller than one
channel width of the ADC.

Fig.4 shows the charge distribution over the 1 om wide
gtrips. Clearly, at chosen resistivity and integration time the
charge flow on the resistive cathode plays an important role.

3. RESULIS

To reconstruct the 1irack positlon the centre of gravity
method was used. We confined ourselves to a maximum of six strips
for COG weighting to reconstruct the track position. It 1s well
known that almost all simple methods of position reconstruction
{COG, Interpolations- by Gaussien, Lorentzian, parabolic functions

etc.) result in systematic shifts [3,121.

Moving the collimators along the tube we thoroughly measured
the dependence of the centre of gravity coordinate on the real
coordinate of the track (thls permitted all systiematics to be
taken Into account). The example of a such dependence 1s presented

in fig.5a. Fig.5b presents the derivative —s-=22 needed tor the

real

reconstrictions of the real spatisl resclution:

dx
oot P00’ [ﬂxc&] .

real

Five strip pitches (10,20,30,40,50 mm) were used in the
measurements. In each case the stirips were oeparated by 1 mm
apaces.

The measurements were performed in the following way. The
histograms of COG coordinates were accumilated for different
positions of the colllmators. Sixz, five, four and three strips
were used for the COG calculatlong. Then these histograms were
Ilited by & Gausslan Ifunction. The standard deviaticns Coa
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Fig.5 (a) Dependence of the centre of gravity coordinate Xx... o0
the real coordinate of the Yrack x . e&nd (D) the

dx
derivative —z——— obtained for 2 cm strip pitch.

real

obtained in d;hese fits were divided by the corresponding
derivatives —goo— t0 obtain the estimations of the real positlon

reatl

resolutions o =0, /{ £

a1 "Ycon ]. Fig:6 demenstrates examplss of

real

the achievable resclution.

The overall resulis obtained with the cdd (5) and even (6)
number of strips for the COG analysis are presented in fig.7. The
results obtalned with the smaller number o¢f strips were
gystematically worse or of the same order. The use of an odd and
even number of sirips is essential for two reascng. First, 1f the
number of gtrips for the position analysis 1s Ilxed and, IoOr
example, even, then the wncertainty in the cholce cf & strlp group
for tracke passed 1n the vicinity of e strip centre willi appear,
which may result in the deterioration of the spatial resolution.
and secondly, as seen from fig.7. even in the case of a correct
choice of a atrip group, the best resclutlor is achieved when &
track passes through the centre of a sirip group.
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Fig.6 The histograms cf 1induced charge disiribution centroids for
three slit positions, 3 mm apart. The results are obtained
by the centre of gravity method with readout from: (a) 8ix
20 mm strips, (p) flve 30 mm strips. The resolution for
these WO particular caseg 18 about 370 um after
quadratical subtraction of ~20C um track uncertainty.
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Fig.T Spatial resolutions obtained after quadratical
of ~200 pm track uncertainty as a funciion .of the

=L

subtraction
track

position relative to the strip for differeni stirip pitches:

(ay 10 mm,

(b) 20 mm,

(c) 30 mm,

(d) 40 mm, (e) 50 mm.

Thus, to obtain a good averaged spatial rgéolutlon it is
reagonable to use an odd and evern number of 8trips for the
poslticn analysils for tracks traversing the central region of a

sirip and the reglon between strips respectively.

The resolutions averaged over the whole strip pitch are shown
in f1g.8. The results obtained with five and six strips were used
to perform the averaging. The dashed lines in fig.7T divide the
strip pitches into regions where five or six strips should be used

tor the COG calculations.
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Fig.8 Spatial resolution averaged over a @&trip versus a strip
piteh. The averaging is explained in the text.

The solid line in fig.8 shows quadratically added
contributions to the spatisl resolution of the electrcnics and
d-electrons {(the dashed lines).

To evaluate the elecironic contribution to the spatlal
resolution we used the usual method (17): first, the shape of
t% induced charge distribution (fig.4) permits the derivative
1;—"3— to. be estimated and, secondly, considering the uncertainty

real

connected with the finite bin width of the 8-bit ADC a3 the maln
electronic error, one can easily estimate the value of o ..

k"

ax
The ratio d___/ —dx"i] gives the estimation of g

real

The contribution of 6-electrons was estimated to be about
50 um {the best results obtained for MWPC with a <10 mm gZas gap,
using the analog strip readout [16]) and 1t 1is negligible as
compared with the electronile contribution.

Fig.8 shows that the narrower strips the more discrepancy
between expected and experimental resclutions. Thls is most
probably due to the local non—uniformities of the cathode
reaistivity, which can cause local distortions in the Induced
pulse shape.
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4. CONCLUSIONS

We tested a streamer tube chamber with the analog readout of
strips transverse to the anode wires. The tesis aldow the
conclusion that the spatial Tegolution better than 400 pm 1is
achievable in PST with a rather wide strip pitch (-3 cm). Such a
wide pitch, being almost 3 times larger than a usual one, allows
one to decrease the total mumber of gtrips per unit lengih and
consequently the cost of the electronics.

The method is based on the broadening of the induced charge
distributioncaused by the low cathode resistivity and/or the large
integration time.

This method is the best when low particle muitipliclty 1s
expected, a3 1n muon detectors.
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