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Drift cell design and cOJ1ltruction methods are described which e&rl be used to fonn high
precision gu pixel drift chambers that have a linear voltage-ta-distance relationship over large
portions each of the drift cells. Use of resistive sheet film plastics, and alter.tion to fonn nonuni
form patterns of resistance (and consequently unif'orm electric fields) is elisCUlsed. Examples are
given with respect to triggering and track reeO!lJtruction in the intermediate angle region at the
supercollider and other high rate uperiments.

Introduction

Intermediate angle tracking, indeed tracking of
any kind within the interior or a typical sse
detector is extremely challenging due to many
c4;>nsiderations of rate, oecup&D.cy and instrumen
tation cost. Any device that has a large active
area per instrumented channel will have prob
lems due to the high ratesj on the other hand,
the present ideas ror densely inJtrumented devices
would appear to have &Isociated with them very
high costs.

In central rapidities, '1 less than 1.5 or so, pos
sible solutions wst that involve tradeoff's between
the densely packed eells of silicon strip and drift de
vices at close distances and the more cost-effective
Iarger cells provided by straw tubes at larger val
ues of distance from the interaction point. In the
forward (or so-ealled "intermediate" angle) region,
with rapidity between 1.5 and 2.5 (say), the 101u
tions would appear to be a bit leIS obvious. Radial
wire drift chambers[l] which incorporate densely
instrumented cathodes or MUOISing taggers" have
been mentioned as • possible .olution.

We would like to luggest an option based OD

two-dimensional gu-filled pixel devicel with active
field shaping, bonded on mechanical components
that are Itress-.kin panels fonned from a light
core with a cladding of resistive or conductively
printed or etched metal-coated Iheet plastic. Such
devices utend from previous work[2t3] done to
produce relatively conventional drift cells from
similar materials and with similar methods.

The detetion we propo.e can be made entirely
from commercially available materials to allow a
cO!lJtruction that is light, atrong, and economical
to assemble. The goal 11 to combine the rela
tively cheap drift of gas-based technology with the
dense chaDnel count for readout provided by re
cent developments in silicon and Itraw-tube-bued
electronics. The result would be pixel gas drift
devicel with cells of nominal lize on the order of
mjmrneter. to centimeters. depending on rates. It
would be easy to arrange these in layer. to provide
projective towerI of eells, giving a natural method
to produce online triggering and track recognition
in a high rate environment.

B.lie P.UerDi

The .implest pOllible arrqement for the unit
cell of such a device II Ihown for three possible
cuel in Figure 1. The.e ahow conductive line.
which are assumed to be drawn on a resistive
subltrate such as those discussed in reference 3.
The most basic would be juJt a central Ipot at
Found potential. through which a le.nJe wire it
extended (held by an inlulative reed-through)t and
lunounded by a conductive trace which is placed
at lome lide field shaping potential. The Ihape of
the cell can be either Iquare or hexagonal in buic
outline, though thne borders need not be precisely
rectilinear, and in fact would be altered to grow
in outline as a function of distance from the beam
line in order to maintain projective towers if that
were desired.
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The anode CM be either a fairly conventional
sense wire or a sharp point. as discussed below.
The cell is closed on top with another similar
resistive layer .eparated by a few millimeters and
10 form a gas drift pixel. here viewed from the top
directly above the central anode.

Senle Wire Anode. and Tips

Until recently it was Dot possible to obtain a
large quantity of .harply etched metal tips; how
ever I recent development of the .canning tunneling
microscope (8TM) mto a )OW-cOit commercially
available device hu introduced a consequent need
(or .upplien of the Iharp etched-wire metal tips
that are used in IUch devices. Supplier.[SI for

that industry DOW can provide quantities of sev-
era! hundred tips, all generally Iharp to better •
than 0.5 microns, out of materials IUch .. tung- '.....,
Iten and platinum-iridium u weD u others), and
of length up to a couple of centimeters. Wire eli
ameten can be specified, and the rapidnell of the
taper of the wire to the tip can abo be let by the
uter. Typical cost is on the order of a few US
dollara per tip.

A tide view of the gas pix-eli or Figure 1. along
with the equipotentials thae would produce, it
shown in Figure 2. The cue of a "Die wire anode
of radiul 20 pm i. IhOWD, and uo in the ease of
IUch a very sharp tip.

•

FlO. 1. Several pOllibilitie. for the basic layout of conductive patternl for the graded potential gu pixel drift
chamber cella diacuaed in the text.

Resistive Field Gradient Alteration

Devices that are built for triggering .hould have
an intrinsically linear time-to-distanee relation for
drift time as a funetien of distance from the anode,
or at the least one that Clm be linearized with eue
early in the electronic procelling of the anode
pulle.. Bec&ute of .imple geometrical efFect. thia
ia DOt true for the .impled possible cell, and
it would be helpful to eeasider the possibility
or altering the re.istance u • function of thia
di.tance [i.e, the radius !rom the ,enle wire). Of
eeurse the simplest method would be to produce
.eenduetive patternl of tracel on an inlUlator. then
tie them together electrically with a thin re.iltive
.trip running from the outside to the inside of
the eell, pusing through and connected to the
intermediate traces as well.

More .ophi.ticated method. of linearizing the
vOltage-va.-radius relation would be to print or
.illttcreen a halI-tone or random-dot pattern of

. very fine conductive dots onto the resistive surface,
IUch that the resi.tance between two hypothetical
traces concentric to the central dot and separated
by a constant dr would .tay the .ame regardlels
of their overall radius.

I{(((((r1111((((((1 ••.1))))))))i)))))))I
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FIG. 2. Equipotential. for the gaa pixel drift tile.
.bOWD in the previous figure. The plota .how
line. of conltant voltage for the .eDlt-wire and ~
aharp-point ver.ione of theae eelle at viewed from
their .ides.



This halftone screening method is shown in the
first of the plots in Figure 3. The next two show
an naggerated view of a method which involves
the printing or etching of conductive traces which
grow in radial width (there would be ma.ny more
in actual practice than shown here) u the radius
becomes smaller.

The resistive plastic would have to be ehesen
to allow for fast dissipation of excess accumulated
eharge frOID. within the chamber at high rates.
AI disCUlled in reference (3], this would imply

a aurfa.c:e resistivity as low as possible witholtt
runnjng into problems due to power depodted
into the gas by resistive heating lV'ithin the drift
cell. UnlUe the ,ituation in long narrow cens.
pixe1J have the advantage that the "Iquares" or
resistance are mostly in aerie. and 10 surface
resistivities approaching the antiltatic range c&Il

potenti&lly be reached. The performance of md1
chamberl in termJ of ion dearing with respect tG

rate dependence will have to tested. We have
begun a program to construct ncb. prototypes to
check this and other effectl.

FlO. 3. Methods of providing a uniform drift field by altering the paUern ohunaee resistance to be proportion.!
to the radius !rom the sehn anode within the grlLded potential d.rifl tile cell. .

Application to sse Forward Tracking

The greatest application of luch a device would
be to the online recognition of stiff projective
tracks in a simple way. The trigger could even
measure and cut on momentum if'the alignment
between adjacent layers of cells was done precisely
enough to minimize the effectli of misallgnment
during assembly. This would in turn imply a
very stiff and eully aligned mechaniea1 support
structure and method. Possibilities for mechanical
support include hezeell, graphite-reinforced com
polites, and polyimide foams. The5e ahould be
lelected to provide the maximum posslble Itability
and accuracy in placement of the lense &nodes.
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Note Added

.Alter presentation of this tall at the conferencp"
my attention wu called to recent 'Work .bidJ.
appears to be along related linea being done at
CERN with respect to the LAA project. Please
lee reference [6].
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