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INTERPOLATING CATHODE PAD READOUT IN GAS PROPORTIONAL DETECTORS
FOR HIGH MULTIPLICITY PARTICLE TRACKS®

B. Yu, V. Radeka, G.C. Smith and E. O’Brien
Brookhaven National Laboratory Upton, NY 11973

Experiments which are planned for the Superconducting Super Collider and the Relativistic Heavy lon Collider will involve interactions
in which detectors will need to identify and localize hundreds or even thousands of particle tracks simultaneously. Most types of conventional
position sensitive, proportional detectors with projective geometry are not able to unravel the individual tracks in these environments. We
have been investigating several forms of sub-divided cathode readout to address this problem. We report here on geometric charge division
using chevron shaped cathode pads which lie in rows underneath each anode wire. Investigations have quantified the non-linear effects due to
avalanche angular localization, and how these become negligible with proper design of the cathode pad. Differential non-linearity of £5%, and

position resolution in the region of 50 um rms, have been achreved.

1. Introduction

In many future experiments involving high energy par-
ticles and heavy ions, and also those at X-ray synchrotron
sources, there will be a requirement for position sensitive de-
tectors that work with significantly higher counting rates than
at present. Experiments which are planned for the Supercon-
ducting Super Collider, and the Relativistic Heavy {on Collider,
will involve interactions in which detectors will need to iden-
tify and localize hundreds or even thousands of particles
simultaneously. Most types of conventional position sensitive,
proportional detectors with projective readout will not be able
to unravel the multitude of tracks in these environments. For
example, new proportional detectors with a cathode plane sub-
divided into rows of pads underneath each anode wire [},2]
have recently been developed for high multiplicity particle de-
tection. The pads in each row were connected together as a
resistive line and each pad row was implemented with its own
electronic readout. The sub-division of the cathode into rows
with independent readout is the crucial factor in attaining both
a high multiplicity capability and a higher counting rate capa-
bility. With readout nodes appropriately spaced along the pad
row. resistive charge division between pads cnables the posi-
tion of a track along the anode wire to be determined. While
this form of encoding can yicld very linear position informa-
tion. and can provide reasonable position resolution, formation
of a resistive connection between pacs requires special tech-
niques, which are not always convenient. or cven possible, when
very large area detectors are involved. The use of pads with
specific geometric shapes is a suitable alternative which has
recently been considered; this paper reports briefly on some
work we have been performing on this method.

2. Geemetric Cathode Pad Designs

One of the first methods used in a gas proportional de-
tector for position determination with geometric charge division
was the ‘backgammon’ electrode, devised by Allemand and
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Figure.! (a) Row of resistively coupled cathode pads, with readout
every eighth pad.
(b)e) Single chevron pads with progressively increasing
depth, illustrating the definition of f;. The readout spacing,
la, is the same in all five examples. Anode wire position
shown by dashed lines.

Thomas {3]. Several vanations of this idea have been devel-
oped subsequently, for example the wedge and strip clectrode
[4] and diamond shaped cathode pads |5}, The principle of all
these methods, however, is the same: induced cathode charge
has a finite spatial extent, and the ratio of charge collected by
two or more specifically shaped electrodes determines the cen-
ter of gravity of the induced charge distribution. One of the
major goals of the electrode design is to ensure that the mea-
sured center of gravity is as close o the real center of gravity as
possible (for the present application, generally within a fow
tens of microns at mos:).

Fig. 1(a) shows a row of conventional, reciangular pads
connected by a resistive strip, with a readout node every cighth
pad. The condition that there be no modulation of the position
output is that w/d < 0.8, where w is the pad pitch and d is the
anode, cathode spacing. With optimuzed geometnic charge di-
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Figure 2. A section along part of the small, test detector, and the
associated electronics for centroid measurements. This
particular cathode shows a row of centered, single chevrons.

vision, one pad of a specific shape would replace the eight pads
per node, and still maintain good position linearity and resolu-
tion. Similar to previous geometric charge division techniques,
one of the simplest shapes for a pad is a chevron. Fig. 1(b)-(e)
show chevron pad patterns with progressively increasing depth.
These figures illustrate the definition of the parameter f,. The
readout node spacing, /,, is constant in all five examples of
fig. L.

The dashed lines in fig. 1 indicate the position of the
anode wire, which runs above the center of each pad row. In
these particular chevron examples, the width of the chevron is
equal to the anode wire pitch, s (or slightly less if guard strips
are placed between pad rows [1]). The chevron apices are, fur-
thermore. centered on the anode wire; this particular set are
referred to as centered, single chevrons. More chevron geom-
etries will be discussed in section 5.

3. Experimental Set-up

We have constructed a small test detector whose elec-
trode spacings are the same as those used in our first large
detector which used resistive charge division with pads {1]. The
anode, cathode spacing, d, is 2 mm, the anode wire spacing, s,
is 4 mm, and in between each anode wire is a field wire, also
with a pitch of 4 mm. Cathodes with pad pitch, /,, either 6 mm
or 12 mm, were investigated. Cathode pads were 3.05 mm
wide, with a 0.95 mm wide guard strip between pad rows. For
our preliminary measurement purposes. the charge outputs from
the cathode pads were fed into a centroid finding system [6]
which operates by sequential switching of charge samples into
a special filter. Fig. 2 shows a schematic representiation along
a pan of one anode of the detector and the associated encoding
clectronics. For test purposes, a beam of X-rays, either wide
cnough to uniformly irradiate across several nodes. or colli-
maled to about 15 pm, could be directed onto the detector.
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Figure 3. (a) Position spectrum from collimated X-ray scan, in 1 mm
steps, from one node (o the next of centered, single chevron
with /, equal to 6 mm.
(b) Individual position spectra, from similar scan, for pad-
side (thick line) and window-side events, which are separately
selected electronically.

4. Effects of Avalanche Angular Localization

An impontant characteristic of geometric charge division
is that the encoded position can be very sensitive to the size of
the ‘footprint’ of induced cathode charge. The shape and size
of the geometric cathode pads require careful design in order

o eliminate, or minimize, non-linearities due to this effect. A

simple illustration of this can be seen in the results for a row of
single chevrons with f; equal to unity (fig. 1(d)), and readout
spacing, /,, 6 mm. A collimated X-ray beam was moved in
1 mm steps along the anode wire, from one node to the next,
and the position response from the cathode recorded at each
step. In the resulting spectrum, fig. 3(a), position peaks arc
split into two, with varying degrees of separation between the
two peaks. An X-ray leaves a point-like deposit of ionization
in the gas. and therefore it is possible to distinguish two tyries
of event: photons that are absorbed between the anode wircs
and the cathode pads (pad-side cvents) and photons that are
absorbed between the anode wires and the window (window-
side cvents). Because of avalanche angular localization, the
positive icns {rom the avalanches of these two types of cvent
move in opposite dircctions and, depending upon the amplifier
shaping time, there can be a considerable difference in the size
of the induced cathode charge footprint. This is shown sche-
matically in fig. 4. The smailer, dot-filled circle represcnts
induced charge due to pad-side events, and the larger, hatched
circle that due to window-side events. If (J,, 0, and (J; repre-
sent the charge reccived by pads 1, 2 and 3 respectively, then
for an event centered over node 2 (that is, centered with re-
spect to pad-side events), fig. 4(a). Q1 1s the dominant charge.
For pad-side events, (), = (5, while for window-side events ),
is just less than )y, resulting 1n a small displacement to the
right for window-side events. Midway between nodes. fig. -H(b).
induced charge is shared ncarly equally between pads 2 and 3.
however, there is a significantly greater difference between ()2
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Figure 4. Schematic representation of induced charge from pad-side
events (dot filled circle) and window-side ( hatched circle)
events. (a) shows position over a node, and (b) shows
position midway between nodes, of centered single chevron.
(c) and (d) are corresponding situations for displaced single
chevron. Note that the actual distribution of induced charge
has a quasi-Lorentzian profile with FWHM about 1.6 times
the anode, cathode spacing.

and Q; for window-side events than for pad-side cvents, ac-
counting for the greater displacement of the two events between
nodes. In this particular example the separation reaches a maxi-
mum of about 250 um exactly mid-way between nodes.

The nature of the induced signal on the window of the
detector is also different for pad-side events compared to win-
dow-side events. By using an appropriate filter and analyzer it
is possible to select independently each event type (7] and ap-
ply a gating signal to the analysis of position signals, as shown
in fig. 2. The two resulting position spectra are shown in
fig. 4(b), with position peaks well resolved.

The measured separation of pad- and window-side events
can be largely eliminated by shifting the chevron pattern by
one half of a chevron width. Over a node, and between nodes.
there will be no displacement between these two types of event:
fig. 4(c) and (d) show representations of induced charge for
these situations. The anode wire now passes midway between
the chevron apices, and these pads are referred to as displaced,
single chevrons.

Another effect can occur with geometric charge division,
also due to angular localization. When a photon is absorbed to
the side of the anode wire, the positive ion cloud from the re-
sulting avalanche initially moves sideways from the anode wire;,
the induced cathode charge is then shified slightly from the
central axis of the pads. and a shift in the measured centroid
will occur relative to an event over the anode wire. This effect
results in an encoded position whose error is similar in magni-
tude 1o the scparation between window and pad side events.

Figure 5. Patterns of (a) Centered single chevron, (b) displaced single
chevron, (c) centered one & a halfchevron, (d) displaced one
& a hail chevron, (e) centered double chevron, and ( £
displaced double chevron. Dashed lines indicate anoce wire
positions.

S, Non-linearity Measurements

Perhaps of greater importance than non-linearitics due
to effects of angular localization is the overall non-linearity of
a specific chevron pad. This is most easily measured by uni-
formly irradiating a section of several pads underneath one
anode wire and analyzing the position spectrum. A set of non-
linearity measurements has been performed on centered and
displaced versions of single chevrons, one & a half chevrons,
and double chevrons with node spacing, /,, of 12 mm; as we
will see, the single chevrons do not generally provide adequate
linearity, which is the reason for investigating more complex
patterns, Fig. 5(a)~(f) show these chevron patterns. The corre-
sponding differential non-linearities are illustrated in fig. 6(a)-
(f), where the continuous curves show predicted non-linearity,
using a best fit Gaussian for the induced cathode charge pro-
file. The open circles represent the measurements that have
been performed to date. (Differential non-linearity is defined
a5 (Imax-Imin ¥((TInax+Hmin)/2), where Imax and Imin are, respectively,
the maximum and minimum heights in the uniform irradiation
response (see next section)).

Some general characteristics are clear from fig. 6. The
displaced chevron is always more linear than its corrcspond-
ing, centered counterpart. Theoretically, a minimum in non-
linearity is achieved for all chevron types with a value of J,
close to unity. Experimentally, the minimum non-linearity is
observed with a value of f; close to 1.05. The main reason for
this small difference is due to the finite gap that must exist
between adjacent pads on a real cathode board; the theory as-
sumes that this gap is zero. Furthermore, if the gap between
pads is excessively large, the non-lincarity for a particular chev-
ron type rapidly deteriorates. The displacement effects duc to
angular localization are, in general, negligible for the one & a
half, and double chevrons, and they both exhibit a minimum
differential non-linearity of £3% with £ of 1.05. Sirwe the
sharper angle of the double chevron puts greater demands on
the printed circuit fabrication process, the displaced one & a
half chevron is the most suitable alternative to resistively
coupled pads for the present application. More detailed mea-
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Figure 6. Differential non-linearity (DFNL) vs f; for (a) Centered
single chevron, (b) displaced single chevron, (c) centered one
& a half chevron, (d) displaced one & a half chevron, (e)
centered double chevron, and (f) displaced double chevron.
Readout node spacing, /q, is 12 mm. Continuous line is the
theoretical prediction, and open circles are experimental
measurements.

surements on the small angular localization effects with this
pattern are described in ref. [8].

It is interesting to observe the nature of the uniform irra-
diatiun response near minimum non-linearity. Fig. 7(a)~(c)
shows the uniform irradiation spectra, over four nodes, of the
displaced one & a half chevron for three values of f; close to
minimum non-linearity. Note that the phase of the modula-
tion changes by 180 degrees in going through the minimum;
this occurs for all chevrons and is also theoretically predicted.

6. Discussion

There are some significant points that have been learned
from this work regarding chevron shaped cathode pads:

a) The position of the anode wire with respect to the chev-
ron apices is most important. The displaced chevron always
vields significantly improved non-linearity compared to its cen-
tered counterpart.

b) In the geometry we have investigated, a single chev-
ron does not usually possess enough interpolative power to
climinate centroid shift due to angular localization cfects.

¢) Minimum differential non-lincarity with the chevron
patterns used in this work occurs. theoretically, with the depth
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Figure 7. Uniform irradiation response, over four nodes, of displaced
one & a half chevron for f; values of (a) 1.0, (b) 1.05 and (c)
1.1. Node spacing, l,, is 12 mm, with first node at origin of
abscissa.

parameter, f;, close to unity. In practice. minimum differential
non-lincarity is usually obtained with f; close to 1.05. The gap
between chevrons is critical in this respect. We have achieved
gaps of order 50-60 pm with standard ctching techniques: with
gaps of 100 pum or greater, non-linearity rapidly degrades.

d) The measurements presented here are for amplifier
shaping times of approximately 1 s, and a gas mixture of Ar/
20%CO7; smaller shaping times will reduce angular localiza-
tion effects. but will not improve the global non-linearity.
Measurements with particies, for which these detectors are pri-
marily intended, will probably be less sensitive te angular
localization effects than those with X-rays because of a particle's
extended path of ionization, We shall follow up this work with
accurate measurements using charged particles.

¢) Position resolution of about 50 pm rms for 5.4 keV X-
rays in Ar/20%CO:z has been measured with these chevron pads
[8]. In general, position resolution of approximately 1% of the
readout spacing should be expected. Geometric charge divi-




sion has the advantage over resistive charge division of having
no thermal noise contribution. Capacitance between pads which
have much larger readout spacing than used in this work may
be a concern with respect to preamplifier noise.

f) There is considerable flexibility in the recadout node
spacing. Our measurements so far have been restricted to /,
values of 6 mm and 12 mm. Other applications, in which posi-

tion resolution requirements may be relaxed, conld incorporate

much larger readout spacings. While position linearity along
the major length of the chevron will still be good, it is likely
that non-linearity for tracks near the apices of these chevrons
would become much more sensitive to gap width, and optimi-
zation of f, and pad shape would require re-evaluation.
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