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1. Introduction 

We present the conceptual design for the gas microstrip Intermediate angle 
Track Detector. The intermediate angle tracker presented in this report covers 
the pseudo-rapidity range from 1.7 to 2.8. The lower." boundary will be adjusted, 
after discussion with the groups building the central outer tracker, to optimise the 
coverage of the combined system (see Appendix). In conjunction with the inner 
silicon tracker, this tracking system should satisfy the requirements for the SDC 
up to and above the design luminosity of the SSC. 

During the last 6-7 months considerable progress has been ma.de in our 
conception of how gas micros trip detectors would be used as the basis of the 
intermediate angle tracker for the SDC. We have also become convinced, after 
careful consideration of alternative techniques, that gas microstrip detectors are 
the most suitable technology for tracking in this difficult region. 

The intermediate angle tracker, described in Section 5, is composed of 3 
superlayers at each end of the tracking volume. Each superlayer contains 4 
layers of gas micros trip detectors. The properties of gas microstrip detectors are 
described in Section 4. The layout suggested in this report should be regarded 
as a baseline layout, which will be used as the starting point of an optimisation 
process using simulation, taking due account of engineering and cost constraints, 
to arrive at a final design. 

A brief resume of the physics motivation is given in Section 2, and the tracking 
requirements for the SDC summarised in Section 3. Section 6 pre.ents the current 
status of Monte Carlo studies and describes how the requirements are satisfied. 

The gas micros trip detectors will be mounted on discs of low mass composite 
material. These, in turn, will be mounted from the calorimeter, either end cap or 
barrel, by a space frame or cone made from light weight material. The mechanical 
engineering and integration is described in Section 7. 

The current status of R&D of this relatively new technology and our plans 
for the immediate future, are discussed in Section 8. It is our intention that 
this R&D program extend over the next 2 years and culminate in the design and 
construction of a large scale prototype in early 1994. 

The electroniCl, front end, trigger and data acquisition requirements are 
discussed in Section 9. We intend to utilise, as far as possible, the expertise and 
development within SDC which exists for the silicon and straw tube trackers. 

Section 10 summarises the currently perceived risk assessment, maintenance 
considerations and safety policy. 

The estimated cost and build schedule for thi. design is discussed in Section 
11. Our best estimate of the cost, including generous contingency, is S20.4M. In 

4 



order to deli'ver the completed tracker, ready for installation in the SDC in the 
third quarter of 1998, we must commence the construction in Canada and the 
U.K. in the first half of 1995. 

We believe that a gas microstrip based intermediate angle tracker will continue 
to be fully operational up to the highest luminosities of the sse. Therefore Section 
12, Upgrade Path, is concerned with the prospects of future developments of the 
technology which could improve the performance of the present conservative 
design. 

2. Physics Motivation and Tracking Considerations for the lTD 

2.1. Physics Motivation 

The nature of any short distance perturbative parton-parton collision in 
a proton supercollider is governed by the asymptotically free nature of the 
constituents (quark and gluon) of the proton. At the necessary parton PJ., the 
interaction is between quasi-free individual quanta (quarks or gluons) and is 
calculable perturbatively (Fig. 1). The role of the protons is thus to provide an 
incident flux of partons (of different flavour and colour). The fluxes are of course 
determined from the proton structure function as measured in deep inelastic 
physics. 

Fig. 2 shows the results of an analysis of such measurements for the quark and 
gluon decomposition of proton structure. All flavours of parton are distributed 
with a steeply falling dependence on z, their (quasi-free) momentum as a fraction 
of the parent proton momentum. The parton "flux factors" J(z) for each quark 
flavour and for the gluon thus favour lower parton-parton center of mass energy 
0. Also sketched in Fig. 2 is the dependence J( z) == 1/ z3 . 

The differential pp crOis section dv can obviously be written in terms of the 
parton-parton differential cross section dcr: 

where Zl and Z2 are the parton fractional momenta,'; is their CM energy squared, 
and n represents the final state phase space variables. This in turn can be written 
in the form 

dv = b(Zl)h(Z2)d" d.i dcr(.;, 0) (2) 
• 

where v'. is the pp center of mass energy (40 TeV at SDC) and " is the 



pseudo-rapidity of the parton-parton system, confined by the limits 

.; ~ " (3) 

respectively. 

This equation provides a simple insight into the essential demand on any 
experiment at SSC if the approximation of a polynomial in z for f( z) is 
acceptable: For f(z) = liz"", 

from which it is easy to see that the interacting parton-parton system is produced 
in the experiment uniformly in fI and with a falling dependence on ; (unless the 
production dynamics in d6' compensates for the latter with a rising; dependence). 
In other words:· 

• for fixed pp luminosity, the highest parton-parton luminosity requires the 
highest pp CMS energy V:;, and 

• the interacting parton-parton system is equally likely to be moving in the 
experiment lab frame at either kinematic limit of rapidity as it is to be 
stationary. 

Thus, barring any severe bias due to surprising dynamics, fragments from the 
parton-parton interaction fill the available rapidity ruge in a roughly uniform 
way. 

The dynamics of parton-parton interactions are of course process dependent. 
In uy formation process, such as the SDC yardstick of Higgs production (Fig. 3), 
the Higgs, and its ZZ or WW decay products, fill the available pseudo-rapidity bite, 
ud the scattered quarks (P.L ~ Mz or Mw) populate the extremes of fl. For other 
more peripheral parton processes involving t (or u) channel exchange (and most 
processes involve such diagrams) the scattered quarks or gluons tend more or less 
to peak in the extremes of fl. Some of these processes involve forward- backward 
asymmetries due to the usual helicity dependences in electroweak currents. 

The message is clear: all parton-parton dynamics fill the available pseudo­
rapidity range at least uniformly, and often preferentially at large fl. Thus any 
experiment which fails to cover as full a rapidity range as possible stands to lose 
physics at least in proportion to the rapidity acceptance. 
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Put more crudely, any loss of ." acceptance in an experiment wastes the 
available luminosity at least in proportion to the loss in acceptance. Furthermore, 
the best sensitivity to electroweak, and other, dynamice (which may also pOllibly 
involve asymmetric production mechanisms due to either known or unexpected 
chiralstructure) is achieved with the largest possible angular coverage, that is the 
largest possible rapidity coverage. 

2.2. Precision Outer Tracking in the Intermediate Angle Region 

Given the importance of a rapidity coverage which is as large ~ pOllible in 
SDC, the case for a precision charged track detector both in the barrel and the 
intermediate angle regions follows for the usual and well documented reasons. 
They are summarised in relevant form in section 6 below, and in ellence amount 
to the fundamental design requirement of SDC, namely as full a determination as 
possible of the event topologies to gain the clearest understanding of the event 
dynamics. 

To achieve this, it is ellential to reconstruct as much of the high Pl. event 
causing the trigger as pOllible in the environment in which more than one 
background event occurs every bunch crossing (about 1.6 per bunch crossing at 
design luminosity 1033 cm-2 s-I). Only when energy flow, both charged and 
neutral, can be associated with the interaction of interest, and not with the 
concomitant background, will this be pOllible. The only way to achieve this is 
by topological association of both charged tracks and neutral energy (momentum) 
flow to a common vertex. 

Fig. 4 shows an estimate of the fraction of events with another vertex within 
1 mm in z along the beam axis as a function of luminosity. The importance 
of precision reconstruction of charged tracks is clear for a sufficiently precise 
determination of event vertex in z, especially at high luminosity. 

The SDC solution involves precision inner tracking using silicon technology 
for charged particle pattern recognition and track recon.truction together with 
an outer region (50 < r < 170 cm) for level 1 triggering, additional momentum 
resolution, and efficient track linking into the calorimeter and muon detectors. 
These latter demands are, if anything, more important in extreme regions of 
rapidity where background levels increase. It is thus not only logical, but is also 
essential, to include outer tracking with the inner silicon tracking to the largest 
rapidities pOllible. 

The rapidity coverage of the track detectors is matched to SDC's requirement. 
if it extends to about 2.8 unite. At an intermediate rapidity (selected between 1.2 
and 1.8), it is natural in a solenoidal field spectrometer to change from a "central" 
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configuration in which measurements are made of r¢ and z using tracking elements 
at fixed r, to a "forward" configuration in which r¢ and r are measured at fixed z. 
The latter involves fibres or microstrips in planes at fixed z. In a constant axial 
(solenoid) B field, the charged particle orbit equations in terms of the usual polar 
co-ordinates are 

eB 
¢ = ¢o + -z (6) 

2p.z 

r = 2p.l. sin( eB z) (7) 
eB 2p.z 

where ¢o is the azimuthal angle at z = O. For high momentum tracks which may 
trigger (P.l. ~ 10 Ge V / c) they can be usefully approximated to 

1 2 !l.¢ 
(8) -=--p.z eB !l.z 

P.l. !l.r 
(9) -=-p.z !l.z 

where !l.¢, !l.r, and !l.z are corresponding increments. Thus any measure of P.l., 
be it for triggering or for track reconstruction, involves two sets of measurements, 
namely !l.¢/!l.z and !l.r / !l.z, in contrast with central tracking for which 

(10) 

and for which only one set of measurements, !l.¢/!l.r, is necessary. 

2.3. Momentum Resolution 

If the field is taken to be uniform and solenoidal, the total r¢ deflection 6 
of the particle from the point at which an equivalent infinite-momentum particle 
would have exited the tracking region is given by 

(eB /2p .l.)R2 

This deflection is 4 times the sagitta of the track, for small curvatures, and 
with the constants above is measured in meters. This deflection is the same for 
any value of pseudo-rapidity, as long as the particle exits through the cylindrical 
boundary at radius R. For particles which exit the ends (at ±Zmu), rather than 
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the cylindrical sides of the tracking volume, the radius R that applies in the above 
equation will be given by 

R = Zmax tan 8 = Zmax tan{2 tan-1 e-") . 

The result in terms of rt/J deflection and thus momentum resolution for the 
full magnetic field in a 1.7 by 4.0 meter tracking volume within SOC is shown in 
Fig. 5. This plot shows the deflection 6 for a high-momentum particle, normalised 
to the value 60 that it would have experienced at 'I = 0 and R = Rmax so that 
the particular value chosen for transverse momentum Pl. divides out· and does 
not matter. The ratio 6/60 is plotted versus path length L along the particle 
trajectory for several different values of pseudo-rapidity 'I in this figure. 

This means that the momentum resolution for a high-momentum particle at 
'I = 1.9 will be approximately a factor of two larger (i.e. worse) than for the 
same particle at 'I = 0, and a factor of five larger at 'I = 2.4 or so. The easiest 
way to improve on the above situation is to make the tracking region longer; but 
eventually Zmax is constrained by cost and calorimeter geometrical considerations. 
Another way to deal with the limitations described above would be to improve the 
r - t/J resolution with which the deflection is measured for the more forward-going 
particles. 

The intermediate-angle tracker composed of gas microstrips being proposed 
here meets these requirements by providing fine t/J segmentation to measure dt/J/dz 
accurately, (on the order of 200 to 450 microns anode-to-anode pitch, leading to 
a precision of approximately 100 microns per measurement layer). Radial track 
location is achieved through the use of small-angle stereo which will provide a 
precision of approximately 1 to 2 millimeters in each of the ITO superlayers. 

2.4. Trigger and Pl. Threshold 

In order to facilitate the generation of a level 1 trigger on high Pl. tracks 
with a reasonably sharp threshold tum-on, it is necessary to divide the." coverage 
of the ITO into "bins", each approximately 0.2 units wide in 'I, or 200 mm in 
radius. The methodology of the level 1 trigger, see section 6.2, is to measure the t/J 
deflection of the tracks. This can most easily be accomplished by having, in each 
'I or R bin, truly radial anodes and the same number of anodes in each annulus of 
the superlayers. This requires full projectivity of the anode strips in both 'I and t/J 
and is one of the most important design requirements for the ITO. 

The above principles in SOC guide the layout of both intermediate angle 
charged track detectors, namely the inner silicon and the outer gas-micros trip or 
scintillating fibre detectors. 



3. Summary of Requirements for the lTD 

As presently proposed, by virtue of its overwhelmingly good spatial precision 
(D'point :::::::: 15 I'm), the inner silicon guarantees the best possible pattern recognition 
and good momentum resolution. The outer central and intermediate angle track 
detectors provide a fast (level 1) signal specifying a charged track above a pre­
set Pl., permit efficient track linking to outer muon detection and to localised 
energy deposition in the calorimeter for electron identification, and contribute 
significantly to momentum resolution by using the remaining magnetic field 
available for bending. 

Thus the outer tracking detectors contribute along with the inner silicon 
track detection to meet the requirements for the SDC tracking detector systems 
found in the Tracking Systems Requirements Document, SDC-91-00137. These 
requirements are discussed in detail in section 6. Here we give a brief overview to 
summarise the approach used in the design of the lTD. 

The basic restrictions on the design of the intermediate tracker are that it: 

• has sufficient segmentation so that cell operation is not limited by ionisation 
charge collection (current draw) at ~ 10 x design luminosity 

• has sufficient segmentation so that cell occupancy is small (<:10%) 

• is radiation hard, that is any change of response during a lifetime of 
irradiation (~ 10 years at ~ 10 x design luminosity) is understood and is 
correctable 

• has a feasible number of read-out channels for a suitable spatial resolution to 
guarantee both the necessary momentum resolution and the track recognition 
efficiency 

• is mechanically feasible over lTD dimensions with minimal passive material. 

In the environment of an SSC interaction region, the high rate of minimum 
bias charged secondaries forces any technology to adopt a small cell size, and thus 
a large channel count. A robust solution to the lTD region is to adopt a high 
cell density of pitch roughly equal to the required rtf> spatial resolution, and to 
read out the inevitable large number of channels with simple "single hit" digital 
electronics. With the recent successful operation of gaseous microstrip detectors 
in both the laboratory and in a running experiment, it has become realistic to 
anticipate their use in a detector of the size and scale of the SDC lTD. 
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4. Gas Microstrip Devices 

The Gas Microstrip Detector (GMD) is a fast, high resolution, multi-electrode 
proportional chamber. Electrostatically, it is similar to a drift chamber with a 
single sense plane. In a GMD wires are replaced by a pattern of parallel strips 

. bonded to a nearly insulating substrate (Fig. 6). These electrode strips are, 
alternatively, signal anodes and field-shaping cathodes. The sense plane of a fiat 
GMD resembles a finely printed circuit board and is generally produced using 
photolithography. An example of a typical GMD sense plane is shown in Fig. 7. 

Above the sense plane is a drift gas volume which is typically 3 to 4 mm thick. 
The drift volume lies between the sense plane and a drift field electrode which 
can either be a thin metalised Kapton film or a grid. The chamber gas can be 
contained by the Kapton film or by a separate gas window. On the reverse side of 
the substrate, not in contact with the gas volume, is a back electrode which aids 
in shaping the field lines. Thus the GMD has three parallel electrode planes: a 
drift plane, a sense plane and a back plane with the substrate sandwiched between 
the sense plane and back plane. 

The electrostatics of a GMD resemble those of a drift chamber in that there 
is a uniform drift field over most of the gas volume with a high field region in the 
vicinity of the anodes. There are four independent control voltages (Le. three 
voltage differences) to set the fields in a GMD; the drift voltage, the cathode 
voltage and the backplane voltage, assuming that the anodes are operated at 
ground. The drift field is determined by the difference between the drift electode 
voltage and the voltages on the sense plane. The anode field is determined by 
all three control voltages. A typical plot of the electric field in the drift region is 
presented in Fig. 8. One notable feature of GMD electric field is that the field 
lines originating on the drift electrode become concentrated and terminate in the 
center of the anode strip. 

The major difference between the electrostatics of a GMD and a conventional 
wire chamber is the use of a substrate which is both a dielectric and a near 
insulator. The surface resistivity of the substrate is chosen to be high enough 
to keep power dissipation to a manageable level but low enough to provide a 
means to neutralise surface charge. Surface resistivities of about 1013 O/square 
are typically needed. For high rate operation of GMDs it is important to minimise 
the charge being deposited on the surface. This is done by choosing the control 
voltages to produce a field with very few field lines that cross the substrate surface 
greatly reducing the number of positive ions that drift towards the bare substrate. 

For use in the lTD, the gas microstrip tiles will be oriented in planes 
perpendicular to the beam axis. This means that stiff tracks will cross the tiles 
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leaving a trail of ionisation approximately perpendicular to the anode plane. The 
collection of this ionisation is illustrated in Fig. 9 which shows the electron drift 
paths for tracks passing through the centre of a cathode strip. Beam crossings 
occurs every 16 nsec at SSC. To allow hits to be usociated with the correct beam 
crossing it is important that enough charge be collected in the first 16 nsec of 
drift time to trigger the electronics. That this is possible for tracks crossing any 
part of the sense plane is illustrated by the time contours in Figure 9 which were 
calculated for a relatively slow drift velocity (40 ,."m/nsec) and the longest drift 
paths. 

The avalanche gain in a GMD occurs in the high field region above the 
anodes. Measurements with GMDs have shown that most (approximately 90%) 
of the positive ions produced in the avalanche are collected on the nearby cathode 
strips rather than on the drift electrode which is much further away. This hu 
the important advantage of greatly increuing the rate capability of GMDs over 
conventional multiwire proportional chambers. 

An interesting feature of GMDs is that they have reduced sensitivity to low 
momentum tracks or loopers when used in the lTD. This is because these tracks 
generally traverse the lTD at an angle to the anode plane such that the charge 
deposited in the gas volume gets spread over many anodes. In the extreme 
cue of tracks pusing through the gas volume parallel to the substrate plane, 
perpendicular to the anode strips, only 200 - 500 microns of track ionisation is 
collected on each anode. This results in the amplitude of the signal on each 
anode being approximately a factor 10 less than the signal from stiff tracks. By 
appropriate choice of discriminator threshold a GMD can be made blind to these 
uninteresting tracks. 

For optimal operation of a GMD a gu is required that hu a high specific 
ionisation and a fut drift velocity. A number of different gases are being 
considered including ones bued on CF4 or Xenon. These chambers can be 
run at any pressure. U sing a pressure above atmospheric would increue the 
specific ionisation but would have the disadvantage of requiring more material to 
contain the high pressures. It is usumed in this document that a gat mixture at 
atmospheric pressure will be used. A suitable gas mixture at 1 bar is expected 
to yield greater than 30 primary electrons for a Minimum Ionising Particle (MIP) 
crossing 3 mm of guo 

The total ionisation drift time would be about 40 nsec per particle. Thus one 
expects full charge collection in less than 3 bunch crossings. Gas gains in excelS 
of 104 are possible with GMDs although with a good choice of pre-amplifier it will 
probably be possible to run them at gains of less than 5 x 103 • (Low gas gains are 
preferred to minimise aging and charging phenomena.) The other requirements 
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for the pre-amps are that they should have fut rise-times because of the need to 
match signals to the 16 nsec SSC time buckets and that they should have low 
power consumption to minimise cooling requirements. 

The properties of GMDs as described above make them an ideal choice for use 
in an lTD detector. For reference, some of the typical parameters of GMDs are 
presented in Table 1. 

Table 1 
Typical Gas Microstrip Design Parameters 

Anode-anode spacing 
Anode widths 
Cathode widths 
Drift gap 
Surface resistivity 
Substrate thickness 
Number of primary electrons 
Capacitancej anode strip 

200 - 450 microns 
10 - 20 microns 
70 - 200 microns 
3mm 
- 1013 Ojsquare 
< 500 microns 
> 30 
- 6 pF 

5. lTD Layout and Design 

5.1. Introduction 

The lTD consists of two track detectors positioned symmetrically on each 
side of the interaction point between the inner silicon tracker and the end cap 
calorimeters. This section sets out the criteria considered in arriving at the 
currently proposed layout shown in Fig. 10. It must be stressed that this is 
not the only configuration which satisfies the criteria. Other, more sophisticated 
configurations are possible. Further simulation studies in the intermediate angle 
region of the SDC plus a more det&iled examination of the engineering aspects 
and of the interaction of the lTD with the central track detectors may well lead 
to modifications to the particular layout proposed here. 
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5.2. Pseudo-rapidity Coverage 

As summarised in section 2, the intermediate angle tracker should extend the 
tracking and triggering coverage of the central tracker up to the maximum 1111 
desired, 2.8 units. The exact placement of the boundary between the central and 
intermediate regions is dependant on considerations of continuity of coverage, cost 
and the engineering of supports and access. 

If cost were the only driver, then the central outer tracker would be made as 
long as possible. However, at 1111 values above 1.6 the performance of the central 
outer tracker falls oft'rapidly. For the purposes of this proposal we have; therefore, 
assumed that the central outer tracker does not extend beyond an 1111 of 1.6. 
Between the central and intermediate angle trackers space must be available for 
support structures, terminations of the active regions of both trackers and passage 
of utilities and signals to both the outer trackers and the inner silicon tracker. 
Pending detailed engineering study to minimise this space, we have assumed the 
intermediate angle region starts at an 1111 of 1.7. 

The maximum 1111 coverage of the lTD is driven by the requirement to provide 
tracking information up to the maximum useful 1111 coverage of the electromagnetic 
calorimeter, 2.8 units. 

5.3. Superlayers 

The SDC tracking requirements need at least two space points in· the in­
termediate angle region with the greatest possible lever arm. First results of a 
Monte Carlo study of the trigger performance of the lTD show that, wh.ilJt a two 
superlayer configuration would provide & levell trigger on high pJ. tracks, the fake 
rate, due to combinatorial background, may well be unacceptably high. The same 
study clearly shows that the inclusion of a third superlayer in the trigger reduces 
the combinatorial background to a level which is certainly acceptable. Mainly, but 
not exclusively, for this reason we propose a three superlayer lTD. 

5.4. Layers in a Superlayer 

The minimum requirement from each superlayer is a space point on the track. 
This can be satisfied if each superlayer contains at least one layer of radial anodes 
(<jJ measurement) and one layer of small angle stereo anodes. Since one of the 
prime requirements of the lTD is to provide a level 1 trigger on high pJ. tracks, 
it must be highly efficient at detecting tracks, at least in the radial anode layers 
used in the trigger. For this reason we propose to use an OR of two radial anode 
layers in each superlayer. 
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We further propose two small angle stereo layers, of opposite inclination, to 
eliminate the confusion, ghosting, that occurs when only one small angle stereo 
layer is used. The four layers will be u closely spaced in z u possible, each 
supedayer occupying no more than 10 cm. 

5.5. Segmentation in Pseudo-rapidity and Phi 

As discussed in section 2, in order to measure the transverse momentum of a 
track, a disc bued lTD must measure both '1 and 4>. Studies have shown [1] that 
an acceptable sharpness in the turn-on of the level one trigger u a function of P.1. 
can only be achieved if the I'll range, 1.7 to 2.8, is divided into 4 to 8 bins. We 
propose a division into 5 bins, each of approximately 0.2 units of '1. This is close 
to the minimum required for the level 1 trigger. 

This binning is natural for a tile bued system, each bin is composed of an 
annulus of tiles. Each annulus on each superlayer is matched to its corresponding 
annuli on the other two superlayers, thereby defining a set of projective bites in '1' 
Within a superlayer the active areu of the annuli overlap radially to ensure that 
tracks on the '1 boundaries are detected in all layers. 

The 4> segmentation is set by the anode pitch. An anode pitch of 200 microns 
is sufficient, even at the highest 1'11, to provide a sharp threshold tum-on for 10 
GeV, P.1., tracks in the level 1 trigger. Since the anode strips are radial, their pitch 
increues to a maximum of about 500 micron. u I'll decreues (i.e. r increues). 
The maximum pitch is set by the requirement that enough primary electrons reach 
the anodes within 15 nsec to produce an efficient trigger, irrespective of the point 
at" which the track crosses the anode plane. To maintain constant anode gains, the 
GMD anode and cathode widths will be optimised u part of the R&D program. 

The total number of anodes in annuli of the same '1 bite is the same for each 
of the three superlayers, ensuring projectivity in 4>. The total number of anodes 
in annuli with smaller I'll (larger r) is necessarily larger than in annuli of larger 
1'11, so u to meet the specification in the previous paragraph. 

5.6. Tile Size 

As discussed above, the lTD is segmented into bites of approximately 0.2 units 
in '1. At z of 4.0 m, the tracking half length, this is equal to approximately 200 mm 
in the radial direction. Including generous overlap, tiles of up to 235 mm long are 
required, which nicely falls within the manufacturing limits we confidently expect 
to be achieved, (254 mm x 203 mm). The tile widths are carefully chosen not to 
exceed the manufacturing limitation (180 mm active) and to be identical within 
each annulus, thus minimising manufacturing costs. 
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5.1. Summary of Layout 

Application of the above considerations leads to many possible layout". That 
shown in Fig 10, consisting of three superlayers, each of four layers, covering the 
1'71 range 1.7 to 2.8 is the baseline layout cos ted in Section 11. The parameters of 
this layout are given in Table 2. 

Table 2 
Table of Dimensions for 3-superlayer lTD 

with 4 layers per superlayer, 1. 7 ~ 1'71 ~ 2.8 

Ring l'7miDl 1'7max1 NUla rmin rmaz ar art/> 
Number (m) (m) (cm) (cm) 

Superlayer 1: z = 2.90 meters 

1 1.68 1.85 48 0.93 1.12 18.2 14.6 
2 1.82 2.02 42 0.79 0.97 18.2 14.5 
3 1.97 2.22 36 0.64 0.82 18.2 14.3 
4 2.16 2.47 30 0.49 0.67 18.2 14.1 
5 2.41 2.82 24 0.35 0.53 18.2 13.8 

Superlayer 2: z = 3.40 meters 

1 1.69 1.85 56 1.10 1.31 20.8 14.6 
2 1.82 2.01 48 0.92 1.13 20.8 14.8 
3 1.98 2.22 42 0.75 0.96 20.8 14.4 
4 2.17 2.47 36 0.58 0.79 20.8 13.7 
5 2.41 2.82 28 0.41 0.61 20.8 13.8 

Superlayer 3: z = 3.90 meterl 

1 1.69 1.85 64 1.26 1.50 23.4 14.7 
2 1.82 2.01 56 1.06 1.30 23.4 14.5 
3 1.98 2.21 48 0.86 1.10 23.4 14.4 
4 2.17 2.47 40 0.66 0.90 23.4 14.1 
5 2.42 2.82 32 0.47 0.70 23.4 13.7 

Total number of tiles (both endcap.): 5040 at 4 layers per .uperlayer 

The favoured layout will almost certainly change as our understanding of the 
following improves: 

a) The cost of the constituent parts of the lTD are detailed in Section 11. At 
the moment we believe these costs are generous. If this proves to be the case, then 
we will seriously consider alternative layouts which clole the gap to the central 
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outer tracker. In the extreme, it may be possible to move the boundary between 
the trackers to a lower, more convenient, 11 value. Should the converse be true, 
then we will study the consequences of reducing the number of annuli and/or 
layers in the lTD. 

b) Engineering. The engineering of the support structure has only recently 
started, hence little is known of the details or of the final layout of the central 
outer tracker. We believe the layout propoled allow I sufficient space for supports, 
utilities etc., but we recognile that it is far from optimum. 

c) Simulation. To date simulation of the proposed lTD is in its very early 
stages. As results are produced, the layout may well be modified to improve the 
performance parameters, including momentum resolution and pattern recognition 
of the lTD. 

5.8. Material in the Tracking Volume 

As lummariled in the report of the task force on Material in the Tracking 
Volume [2], it is necellary to take active Itepi to enlure that the amount of 
material enco~tered by particlel as they pasl through the tracking resion il 
kept to a minimum. For the outer barrel tracker, this report concludes with the 
recommendation that the material be kept to less than 6 percent of a radiation 
length / sin 8. 

Due to cost considerations, the layout being considered for the elements of 
the outer tracker would make a transition between barrel (central) and dilk 
(intermediate) components at an angle smaller than 30 degrees; thus particlel will 
tend to enter the lTD at a small angle to the planes of the material in the lTD. 
We therefore take as a goal for the intermediate angle (dilk) outer tracker a value 
of 7%/ COl 6 as a reasonable maximum amount of material. 

Through the use of composites, low-denlity Itructural foamed metals and 
other lightweight components, the total amount of material needed for the 
support Itructure for the lTD can be kept to a minimum. The situation il very 
similar to that of the support for the silicon system and central tracker, although 
we will be lupporting dilks instead of cylinderl as il the case for the CTD. The 
situation and optionl in terms of support methodl and materials are dilculled 
more thoroughly in the section on enPneering. Here we will give a lummary of 
the total amount of material expected in the lTD as a whole. 
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5.8.1. Estimate of Material in the Gas Microstrip Tiles 

The tiles consist of a substrate with metalisation both on the front and back 
surfaces, a gas volume enclosed between the substrate and a drift electrode, and 
the drift electrode itself. In addition there are thin wire bonds to connect the 
anodes and cathodes to their instrumentation and/or power sources, electronics 
required at the front end mounted on the tile (or connected to it with a mechanical 
bridge), and electrical connections, high voltage, and gas fittings as required. 

The tiles can either be self-contained or mounted in an appropriate gas-sealed· 
super-module; here we will take the pessimistic view from the point of view of 
materials that each tile is sealed and self-contained, i.e. separate from the others 
in terms of its gas volume. 

Substrate 

The current SDC microstrip program is focused on development of either thin 
glass (125 microns is taken as a reasonable goal for a minimum thickness) or 
resistive plastic substrates, although other possible substrate are being .pursued. 
For the moment, a conservative assessment may be arrived at by taking the 
expected amount of material per tile layer in the substrate to be equivalent to 
roughly a 300 micron sheet of silicon, about 0.3% of a radiation length. 

Gas and Drift Electrode; Gas Containment 

The drift electrode can be made of thin metalised plastic or wire mesh, and 
should represent no more than a few hundredths of a percent of a radiation length. 

The gas containment introduces additional material at the edges of the tile, 
which must also provide mechanical support for the drift electrode and maintain 
its spacing to the anode-cathode plane of the substrate. We take this material to 
represent an additional 0.05% of a radiation length when averaged over the entire 
surface of the tile. 

We assume here that the gas is run at atmospheric pressure and occupies 
a region of approximately 3 millimeters in thickness between the substrate and 
the drift electrode. In this case the amount of material presented by the gas is 
negligible. 
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Front End Electronics; Low Voltage and Other Connectors 

The electronics will be spread throughout the volume of the lTD, presenting 
small (few hundred micron equivalent silicon thickness) "lumps" of extra material 
at one edge of each of the tiles, which will likely be placed at even increments of 
0.1 or 0.2 units extent in 11. When averaged over the entire surface of each tile, 
the additional material in electronics will be less than 0.02% of a radiation length. 

The material presented by additional low voltage connections, gas fittings, etc. 
can be taken to be a similar amount, an additional 0.02% of a radiation length. 

Cables, Support Disks and Frames, etc. 

We take as a goal that the amount of material in each of the disks used to 
support the superlayers of tiles will be less than about 0.25%, which is a value 
consistent with goals for the composite layups of cylinders being considered for 
use in the central tracker (ref straw CDR). Assuming that tiles are mounted to 
the front and back surfaces of each of these disks, the amount of material per 
tile layer will be approximately 0.13% of a radiation length. The frame used to 
support these disks will introduce material primarily at the edges of the region of 
pseudo-rapidity being planned for this device, and is not considered here. 

Cables should be similar both in concept and in execution to those being 
considered for use with the silicon tracker. The number of such cables per unit 
area of detector will scale inversely with the pitch x length for the anodes, and 
thus be less per unit area for the lTD by roughly a factor of 10 than for the 
silicon. The cables should thus represent no more than an additional 0.02% of a 
radiation length per tile layer when averaged over the entire area of the lTD. 

5.8.2. Total Amount of Material 

The total amount of material per tile layer should thus be on the order of 0.6 
percent of a radiation length or less, including all of the contributions given above. 

Fig. 11 shows the total amount of material in the lTD and also the central 
barrel and silicon trackers, expressed in terms of percentage equivalent radiation 
lengths versus pseUdo-rapidity. To produce this plot a model was used which 
includes the beam pipe (0.2%/ sin 8), the silicon layout using options (1) or (2) as 
described in the conceptual design report for that device (here averaged as 0.7% 
per superlayer of silicon, with the exact placement options for the barrels and 
disks of silicon), the barrel central system using a five-superlayer system at 1% 
radiation length per superlayer including all cables and supports, and the 4-layer 
by 3-superlayer layout for the lTD described in the previous section at 0.6% per 
tile layer. 
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Inspection of this plot shows that material in the lTD averages to be 
approximately 7 percent of a radiation length in total divided by cos 8, m 
agreement with the goals set above for this device. 

6. Performance of the lTD 

6.1. Summary of Characteristics Expected for the lTD 

The intrinsic resolution of the Gas Microstrip detector is set by the anode 
pitch of the device. The device that we have described has a pitch ranging from 
200 to 450 microns giving resolutions in the range of 60 to 130 microns. This 
intrinsic resolution translates into a similar r¢J resolution and an r resolution of 
1 mm given a stereo angle of 11 degrees. 

The time resolution is determined largely by the time taken to collect the 
electrons produced in the gas which depends on the drift velocity and the drift 
gap. We estimate that the maximum collection time will be no longer than 3 
beam crossings. The hardware segmentation gives a fast but coarse (r, <1» binning 
to simplify the signal processing for the level one trigger. 

6.2. Simulation of the lTD as a Detector 

The detector described in this CDR has been encoded in GEANT format and 
included in the SDC SHELL Monte Carlo. This allows a full simulation of the 
detector. The Monte Carlo job has been divided into three stages, each producing 
an output file for use in subsequent stages: the first stage is simply the generation 
of particle momentum four vectors; the second stage is the tracking of particles 
through the simulated detector (including particle decays and interactions as well 
as multiple scattering), followed by the generation of the simulated hits in the 
detector; and the third stage is the analysis of the hit information, including track 
fitting and (eventually) pattern recognition. Unfortunately the second stage, the 
tracking of particles through the detector, is very time consuming (currently many 
minutes per event) so we have also developed a fast Monte Carlo using a number 
of parametrisations to study effects requiring high statistics. 

These studies are on-going, so it is not yet possible at this time to relate the 
proposed lTD with all of the specifications in the requirement document. Where 
possible, such conclusion have been made and are summarised in this and the 
subsequent section. For the simulation studies described here, we have used the 
tile layout described in section 5 as shown Fig. 10. 
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6.2.1. Fast Monte Carlo 

For high momentum tracks, the deflection of charged tracks originati~g from 
the beam-axis is such that their 4> coordinates change linearly with distance z 
along the beam axis. The radial coordinate also increases approximately linearly 
with z. These two characteristics can be exploited to detect the presence of 
high-p J. tracks in the Intermediate Tracking region. 

Tiles of radial microstrips covering discs at fixed z mealure the 4> deflection of 
tracks. By sub-dividing the dilci radially into ringl, and chooling the inner and 
outer radii to give a projective tower structure foculed on the interaction point, 
high momentum trackl will crosl correlPonding ringl in lucceslive z layerl. 

A simple trigger can then be formed by requiring a pair of hitl in two 
succeslive z layers which 

(I) are in the corresponding rings (linearity in r VI. z) 
b) are separated in 4> by (Le. are contained in a trigger road with width of) a 

predetermined number of ItriPI. 

The Iharpnell of the threshold in p J. of luch a trigger clearly dependl on the 
granularity in 4> and r of the dilci. 

We have simulated the performance of such a trigger Icheme for a microltrip 
lTD layout similar to that shown in Fig 10 uling Higgl and minimum bias eventl 
generated by the PYTHIA + JETSET Monte Carlo. 

Tracks penetrating a microltrip drift cell leave a trail of ionisation which, for 
typical gasel will take roughly 3 bunch crolling intervall to be Iwept from the 
cell. To allow for thil, minimum bias events were generated in a total of 6 bunch 
crollingl (an average of 1.6 per crOllinc for 1033 /cm2 /1 luminolity) , ranging from 
2 bunch croslingl before to 3 after the crolling in which the Higgl events were 
depolited. In this limulation each track produced 1 microltrip hit per plane. 

Looping tracks produced m&llY bunch-crossings earlier C&ll of course It ill 
produce hits in the lTD becaule of their long propagation times. To take account 
of this, ALL tracks produced in a given bunch-crolling were allowed to make hits 
in the lTD in that crOSling, whatever their propagation time to the detector. Thil 
approximation il expected, on average to reproduce the dectl of luch loopers. 

The location of hits in the detector were calculated by limple helix propagation. 
No material was included in detail, but to account for lecondary track production 
in an approximate way, all neutral particlel produced were replaced by charged 
particlel with the lame momentum. 

It was assumed that the signal from a microltrip anode will have a fast-riling 
leading edge which can be uled to set a latch when a track paslel through the 
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strip's drift-volume. Hits were digitised usuming that each strip produces a string 
of bits, one per bunch-crossing. If a track produces a signal on a strip in a 
given bunch-crossing, the bit for that bunch-crossing is set and the strip is then 
effectively "dead" for the next two crossings (Le. the maximum time for charge to 
clear from the micros trip chamber drift volume). 

6.2.2. Fast Monte Carlo Results 

For the lTD configuration considered, the mean number of hits per .I-plane 
per bunch-crossing wu found to be on the order of 20, with a maximum of up to 
33. This leads to very low strip occupancy, and hence a low probability for the 
muking of hits by tracks from other bunch-crossings. 

This point is made numerically in Table 3, from which we see that the 
maximum occupancy of a microstrip cell does not exceed 0.08% in the fut Monte 
Carlo results, with typical values approximately 0.03% at a luminosity of 1033 

/cm2 /second. The occupancy is at its maximum for elements in the inner ring of 
the lTD, but still comfortably low. 

Table 3 
Occupancies of lTD Elements Determined from Fut Monte Carlo· 

Ring 

1 
2 
3 
4 
5 

Mean 

Mean Occupancy (%) 

0.014 
0.018 
0.020 
0.035 
0.047 

0.029 

• Luminosity = 1033 Icm2/second 

Max. Occupancy (%) 

0.023 
0.031 
0.036 
0.059 
0.078 

0.049 

The trigger wu investigated by examining hits in the .I-plane at 3.0 metres 
and looking for hits in the corresponding ring in the .I-plane at 3.5 meters. A 
track with PL = 10 GeV Ic hu a tP displacement of about 3 strips in the innermost 
ring and 16 strips at the outer ring over this distance. The trigger window is 
large enough to allow a high accidental rate (roughly 4 per event), so that it is 
necessary to use a third .I-plane to "verify" the coincidences found between the 
first two. The linearity in tP vs. .I means that this can take the form of a simple 
check-sum between the hit strips. 

Operating in this mode, the trigger efficiency remains high and hu a sharp 
leading edge. Fig. 12 shows the trigger efficiency u a function of track P L for 
nominal thresholds of 5, 10 and 20 Ge V I c. For a typical sample of 200 Hi~s 
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events decaying to 4 leptons, of the 140 events which contained a track with P.1. > 
10 GeV in the acceptance of the lTD, all 140 succesifully triggered. 

The background trigger rate arises from genuine high P.1. tracks from the un­
derlying minimum bias events and fake triggers arising from chance combinations 
of hits. With a 10 GeV /c threshold and a luminosity of 1033 /cm" Is, the rate 
was estimated to be approximately 400 kHz before matching to the calorimeter or 
muon system (of which about 1/2 came from genuine high-p.1. tracks). 

At three times the design luminosity, the rate increases by a factor of about' 
10, mostly from the increase in fake rate. When used in combination with 
calorimeter and/or muon chamber triggers, this rate is probably not unacceptable. 
At higher trigger levels (for example levels 2 and/or 3), radial information from 
the small-angle stereo planes can very likely be used to reduce the combinatoric 
fake rate drastically, and should allow for acceptable higher-level triggers to be 
formed. 

In conclusion, the simulation studies confirm the viability of the lTD as 
a contributor to a first level trigger for high P.1. tracks. The configuration 
of projective rings is ideally suited to the task of finding and triggering high­
momentum tracks in the pseudo-rapidity range of this detector. 

6.2.3. Full simUlation 

One of the key benchmark processes to be studied in SDC is Higgs -+ ZO ZO 
-+ p.+ p.-p.+ p.-. Events from this process were studied using the full SDC SHELL 
simulation and the layout described above. ISAJET was used to generate 200 
and 400 Ge V Higgs events, with the Higgs forced to decay to ZO pairs. Each 
ZO was forced to decay to p.+ p.-. Charged particle and ",0 decays and secondary 
interactions were switched on. 

For this initial study, to keep the time per event at a reasonable level only 
the beam pipe, forward silicon and gas microstrips were ineluded in the detector 
simulation. No specific model of the calorimeter albedo wu included. Fig. 13(a) 
shows all tracks in one such event, while 13(b) shows only those tracks with 
transverse momentum greater than 5 GeV. This 5 GeV P.1. cut cleanly selects the 
leptons from the Higgs decays. 

To study the benefits of tracking in the 1] range occupied by the lTD, the 
minimum lepton P.1. wu plotted against the maximum lepton pseudo-rapidity, as 
shown in Fig. 14. This showed that only 29% of Higgs -+ four lepton events had 
all the leptons visible in the barrel tracker. Use of the lTD allowed 60% of Higgs 
-+ four leptons to be visible within the range of the outer tracking system. The 
simulation found similar results for Higgs masses of 200 and 400 Ge V. 
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One of the functions of the lTD is to assist in track momentum measurement 
and to provide linking between the silicon tracker and the calorimeter. The efficacy 
of the device for these purposes was studied by using the generated Higgs events 
described above. Since a study of minimum bias and two jet events indicated 
occupancies of less than one percent (actually 0.4%) at design luminosity, it was 
not necessary to superimpose hits from minimum bias events. 

The lTD hits associated with the high (> 5 GeV Ic) P.l.. leptons were fit to 
a helix with and without beam constraints. The fitted tracks obtained in this 
way were extrapolated to the face of the calorimeter and to the last silicon disc. 
Fig. 15 shows plots of the rf/J and radial position resolution at the calorimeter for 
all tracks with P.l.. > 5 GeV Ic. The resolution is 0.6 mm in r and 0.2 mm in rt/J for 
the beam constrained fits. The rf/J resolution for the fits without beam cons taints 
were approximately 50% larger. A similar plot for the tracks projected to the face 
of the last silicon disk can be found in Fig. 16. 

Good momentum measurement in the intermediate angle region should be 
provided by the silicon tracker, however the ITO can improve the resolution by 
extending the lever arm. To study this effect we used the set of tracks generated 
for the position resolution study. Tracks were fitted to the ITO hits alone with a 
beam constraint imposed. Fig. 17 shows the momentum resolution of the lTD on 
its own which is 2% at 10 GeV Ic. Although sufficient for the trigger, it does not 
meet all the other tracking requirements. 

The technology of the lTD was selected with the aim of producing a device 
that would have a low occupancy. This is possible because each element of the 
detector presents a very small cross section to the particle flux. The occupancy, 
as calculated from the full simulation described above, was found to be 0.39% at 
design luminosity. The difference between this number and the fast Monte Carlo 
result of section 6.2.2. is due to the fact that low P.l.. tracks cross a number of 
anodes, typically five. In the full Monte Carlo, it is assumed that each such anode 
registers only one hit with a 95% efficiency. 

A full study of track finding, pattern recognition and event reconstruction haa 
not been done at this time. However estimates of the effectiveness of the device 
for these functions can be obtained by using numbers related to the occupancy. 
The first is the number of times tracks have hits which are contiguous with hits 
from another track. Given the very low occupancy at design luminosity, this is 
not expected to be a problem, even at 10 times design luminosity. 
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6.3. Satisfaction of Tracking Performance Requirements 

In this section we summarise the contribution of the lTD to the tracking 
performance, and satisfaction of the design requirements as itemised in the SDC 
Tracking Requirements documen to. 

(1) Acceptance and P1. resolution: 

(a) 1711 coverage at least out to 2.5 (HO - 4e/p. geometrical efficiency ~ 60% 
for mH ~ 200 GeY). 

(b) Reconstructed (as opposed to parametric) vertex constrained momentum 
resolution for isolated charged tracks of (T("IJ ::; 0.2 Tey-l for 1711 ::; 1.8, 

which may rise to 1 Tey-l as 1711 - 2.5 

Re6pon.se: 

(a) The lTD extends the 1711 coverage of the outer tracking system to an 1711 of 
2.8, leading to an HO - 4 charged lepton geometrical efficiency of ~ 60% 
for mg ~ 200 GeY. Inefficiencies at the boundary between the barrel and 
intermediate tracker have not been fully modeled. 

(b) (T( ,,1J.)' calculated by comparing vertex constrained fit P1. values with 
the generated values, is 2 Te y-l for the lTD alone averaged over its 71 
acceptance. 

(2) Reconstruction efficiency within the acceptance in (1) above ~ 97% for 
isolated tracks having p1. ~ 10 GeV, with ~ .1 false tracks of P1. ~ 10 GeV 
per trigger (efficiency > 90% for detecting all four leptons from eo -+ 4e I 1', 
exclusive of lepton identification and trigger cuts, with < 1 background 
event per SSC year); this requirement is specified for design luminosity, but 
with occupancy assumed twice that calculated by Monte Carlo for pp - x. 

(3) Reconstruction efficiency for same as in (2) ~ 90% at 10 x design luminosity. 

(4) Reconstruction efficiency ~ 80% for tracks of P1. > 5 GeV Ie, with less than 
10% fakes, within jets of P.J.. up to 100 GeV Ie (for b -+ l tagging). 

Re6pon.se to iteTM (I), (3), lind (4): 
A complete study of the pattern recognition and reconstruction efficiency for 
the lTD has not been made yet. Monte Carlo simulation of the occupancy 
indicates that the lTD in combination with the silicon will have efficiencies 
equal or better than the options proposed for the barrel section. 

(5) Material ::; 15%Xo (including 3% equivalent effect of internal Bremsstrah­
lung) with ~ 7%Xo inside 50 cm (average over 1711 ~ 2.5) - for efficiency of 
electron id (Elp cut) 
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Re!pOfUe: 
The tracking system contributes to high momentum lepton identification by 
isolating stiff tracks and providing an accurate projection of these tracks 
to the outer detector. The ability of the detector to discriminate high 
momentum tracks is dependent on the event topology. For isolated leptons 
the lTD by itself will easily detect particles with P.l. ~ 10 with an efficiency 
of ~ 95% and locate them at the calorimeter face to better than 2 mm. 
The lTD presents 7% of a radiation length, the silicon has less than 6% 
for a total of 13% in the 1711 range from 1.7 to 2.8. This is within the 15% 
requirement for electron identification. 

(6) Position resolution at the calorimeter shower maximum detector of:5 2 mm 
in rt/> and :5 5 mm in z or r (respectively central or lTD). 

Re!pOfUe: 
The position resolution at the calorimeter shower maximum detector in an 
1711 range from 1.7 to 2.8 provided by the lTD is better than 200 pm in rt/> 
and 1 mm in r. in conformance with this requirement. 

(7) Position resolution and alignment relative to the muon system of 2 mm in 
rt/> and z or r (respectively central or lTD). 

Re!pOfUe: 
The position resolution provided by the lTD is better than 200 pm in rt/> 
and 1 mm in r. The design specifies an alignment measurement relative 
to the silicon system that will meet the relative alignment requirem~nt to 
the muon system. The position resolution of tracks projected to the muon 
system allowing for multiple scattering has not been considered. 

(8) Jet charged multiplicity measurement to within 15% for jets up to P.l. = 
500 Ge V (to distinguish isolated W jets and to study fragmentation for 
QeD studies and background modelling). 

(9) B single tagging efficiency ~ 50% for 125 :5 mtop :5 250 GeV, with ~ 90% 
purity; implies impact parameter resolution :5 20 pm for stiff tracks, 
S 100 pm for P.l. = 31 GeV Ie, and ~ 85% efficiency for finding tracks with 
P.l. > 1 GeV Ie within jets of P.l. up to 100 GeV Ie with less than 10% fakes. 

(10) Resolution for measurement of the z co-ordinate of the vertex within 2 mm 
to separate pile-up interactions. 

Re!pOfUe to itemt (8), (9) and (10): 
Items 8 and 9 will be considered in future studies on pattern recognition and 
track finding. It is expected that the lTD will make a small contribution 
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to B tagging by providing track linking to the calorimeter for electron and 
muon identification. It is not expected that the lTD alone would make a 
significant contribution to the z co-ordinate of the vertex. 

(11) First level trigger with momentum resolution CT(p~) ~ 10 Tey-l - implies a 
10% error for a 10 Ge Y I c P 1. lepton. 

Re8pome: 
The trigger design studied using the fast Monte Carlo provided a trigger 
which turned on within 1 GeY Ic for a particle with 10 GeY Ic transverse 
momentum, in agreement with this requirement. We conclude that the 
lTD design as presented here has an adequately sharp momentum threshold 
turn-on. 

(12) First level trigger efficiency ~ 98% per track, with ~ .05 false triggers per 
calorimeter trigger q, bin per crossing over the range I'll ~ 2.5. 

Re8pome: 
The fake rate at design luminosity was estimated to be 0.006 for the whole 
lTD i.e for 1. 7 ~ I'll ~ 2.8. This number is expected to scale directly with 
luminosity. A trigger efficiency of ~ 98% implies a strip efficiency of 95% or 
better. This is a realistic goal for a microstrip detector. 

(13) Second-level trigger with momentum resolution CT(...L) = 5 Tey-lj gives a 
p~ 

20% error for a 40 Ge Y lepton for triggering on Z - l+ l-, W - ell ~ 

Re8pome: 
The second-level trigger has not been studied in detail. Assuming that there 
is sufficient time for track finding and fitting to exploit the full resolving 
power of the lTD, a trigger will be possible that has a P1. resolution of 
about 2% at 10 GeV, or CT(p~) = 2 TeV-l averaged over the I'll range of the 
lTD. This would be independent of the silicon and would provide accurate 
pointing to the calorimeter for calibration purposes. 

(14) Discovery potential- hard to quantify. In general want maximum capabilities 
from detector. Bued on history highest priority (other than isolated 
lepton of Higgs case above) would be reconstruction and impact parameter 
measurement of leptons within jets up to the largest jet P.l. pOlllible (at least 
~ 500 Ge V). Desired reconstruction efficiency ~ 50%. 

Re$pOme: 
In general, a detector with high resolution and low occupancies to allow full 
reconstruction of track segments would be the most flexible. This capability 
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is, we believe, provided by the gas microstrip lTD design presented here, 
which has a high reconstruction efficiency when combined with information 
from the other detector components of SDC, very fine segmentation of the 
t/> and (through stereo) r coordinates for good separation of particles wi thin 
jets, and contributes well to the trigger and pattern recognition capabilities 
of the overall detector. 

(15) Survivability at standard C for ~ 10 years. 

Re8pome: 
Gas Microstrip detectors were selected as a technology that could be 
constructed in a radiation resistant way, and hence would be capable of 
surviving for the duration of the SDC experiment. The R&D program 
described later in this document includes the steps that must be taken to 
demonstrate the rad-hard characteristics of these devices, and steps which 
could be taken to improve the characteristics of the lTD in order to provide 
powerful tracking capabilities for the SDC far into the future. 

(16) Allow a natural path for upgrading to a system with survivability of ~ 10 
years at lOx standard C with emphasis (e.g. momentum resolution, pattern 
recognition, isolated track efficiency) to be decided based on what is learned 
during initial running. 

Re8pome: 
The lTD as designed will operate at 10 times the SSC design luminosity. 
It is pOllllible that this technology could also be used in the barrel region 
of the outer tracker to replace inner layers of the outer tracker, and/or be 
upgraded itself to provide more pattern recognition (i.e. more layers) and 
more capability (see "Upgrade Path", section 12). 

7. Mechanical Design and Integration 

7.1. Introduction 

The basic mechanical unit of the lTD is a tile measuring up to 25 by 20 cm. 
Each one of the 5000 tiles requires a gas envelope and is directly connected to the 
front end electronics. The tiles have the following connections: gas in/out, high 
voltage (3), low voltage (2), fibre optic outputs (for both signal and trigger). The 
purpose of the mechanical structure is to hold the tiles in the positions described 
in the layout section to a precision that is sufficient to maintain the optimal 
measuremen t accuracy of the lTD. 
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The tiles are arranged on an annular vertical plane called a support disc. 
These discs are combined together to form a superlayer. Each end of the lTD is 
formed from three of these superlayers joined together using conic sections. Each 
half of the lTD forms a structure of approximately 3 m in diameter and 1 m in 
depth, Fig. 18. 

7.2. Tile Sub-elements 

The micros trip tiles consist of a microstrip substrate and a drift plane 
separated by a small gap of about 3 mm. Both the substrate and the drift plane 
will require support to reduce their flexibility. The edges of the plate are sealed to 
create a gas volume; gas connections being provided to allow gas to be circulated 
through the drift volume. The anode and cathode linea are laid out radially on 
the substrate. BV connections to the cathode lines will be made at one edge of 
the tile, the signal connections to the anodes on the opposite edge. 

There will also be a requirement to make a BV connection to the drift cathode 
and to a back cathode on the reverse side of the microstrip substrate. The front 
end electronics will be mounted on a board which is rigidly attached to the tile. 
The exact location and shape of this board will depend on the method used for 
bonding the anode micros trips to the front end electronics. The electronics will 
require LV power and cooling. The digital signal outputs will be made using 
transceivers connected to up to 32 fibre-optic cables. 

Initial work on the tiles themselves has so far been restricted to development 
of -prototypes for physics testing and evaluation. Detailed design work on the 
mechanical support for the tiles will depend greatly on the result of the R&D 
effort. In the meantime, generic problems such as connections, connectors, cathode 
support, tile mounting and tile location will be investigated. 

7.3. Mechanical Support Structure 

At this stage in the lTD design emphasis is being placed on identifying problem 
areas and developing various conceptual designs that will meet the requirements 
outlined above. The best two or three of these designs will be selected. for further 
detailed study and eventually used to select the design that will be implemented. 
In this document we describe one possible scheme for supporting the microstrip 
tiles. 

Carbon fibre based. composites have been discussed as a candidate material for 
the disks and cones because of its low radiation length and high stiffness to weight 
ratio. Other materials may offer better performance. Thus the design procesl will 
include a review of recent advances in materials and a teat program to evaluate 
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their use in the lTD. This program will be done in collaboration with the other 
SDC groups. 

The layout presented in section 5.7 gives just the configuration of the lTD 
tiles. From an engineering point of view, the detector envelope must be defined 
in more detail including location of the support structure, cable runs, mounting 
points and many similar issues. This will require discussions with representatives 
from the detectors adjacent to the lTD to define volumes and agree on interfaces 
between detectors. 

7.3.1. Microstrip planes 

The tiles will be mounted on support discs to form a layer. After mounting 
the tiles it will be important to survey their positions relative to datum marks on 
the discs. Given the small number of layers in the lTD it will be impossible to 
locate tiles on a plane using reconstucted tracks. The tiling of the microstrips will 
be arranged to optimise (r,4» coverage and minimise cracks. This can be done 
by tilting or staggering the tiles, as shown in Fig. 19. One of the tile mounting 
concepts being considered is to position them using dowel pins so that they will be 
removable to allow repair or upgrade. Although the details have not been worked 
out it is conceivable that the HV, LV, gas and cooling connections will form an 
integral part of the support disc. 

A possible configuration for the disks would be to use a carbon fibre composite 
that has semi-uniform properties in the z and y orientations. This is done by 
layering the fibres in different directions. To attain maximum rigidi,ty a disk 
would consist of two such carbon fibre sheets separated by a low mass core of 
Hexcell, Nomex or Rohacell. Its weight would increase if cables and gas lines 
are incorporated into it for use as a backplane. The weight could be reduced by 
adding cutouts. The technology for fabricating disks of this size exists. 

7.3.2. Supedayers and Cones 

The layers will be connected together using spacer rings to form a superlayer. 
Cutouts in these rings can allow the routing of cables and services. The superlayers 
will be connected together by cones as shown in Fig. 20. The detector can be 
supported either from the same point as the barrel outer tracker or from the end­
cap calorimeter. Mounting the lTD on the end-cap calorimeter has the advantage 
that removal of the lTD can be done without disconnecting the cabling. It also 
means that the relative alignment of the lTD and the endcap calorimeter will not 
be afl'ected by opening the detector. This is an important consideration for the 
operation of the level 1 trigger. The disadvantage of this method of attachment is 
that the lTD will be inserted blind into the solenoid. This will require extra care 
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in the manipulation of the detector. One example of a mounting flange is shown 
in Fig. 21. 

The cones would be fabricated using a similar approach to the disks. It is 
also likely that by selecting the optimal carbon fibre orientation in the cones the 
deflection of the structure due to gravitational forces can be minimised. Further 
analysis with finite element modeling will be conducted to optimise this. Again 
these are problems that are well within the reach of current technology available 
in the aerospace industry. 

7.4. Cabling and utilities 

Each tile will require: 

1 Three high voltage connections 

2 Two low voltage connections 

3 Local cooling of electronics 

4 Fibre optic links (32) 

5 A Gas input and output 

7.5. Alignment 

There are two independent alignment requirements. The first is the placement 
accuracy of the device and the second is the accuracy with which its position 
is known either from measurement or after alignment using reconstructed tracks. 
For the lTD the trigger requirements are the most important constraint on the 
placement accuracy. Fortunately they are much looser than the track fitting 
requiremen t that will require the ultimate accuracy of the lTD. 

The best resolution that can be achieved with the lTD il in the range of 60 
to 100 micronl. There are many wire chambers operating today that achieve thil 
level of precision. So it is felt that the level of alignment required for the lTD will 
not require any radical or new techniques. For further discussions on the general 
principles involved the report "Systematic Errors and Alignment" by Abe Seiden 
presented on Feb. 12 at ORNL is very informative. Thil report has been uled to 
establish the approximate magnitude of the required alignment constraints for the 
lTD. Tentative conclusions regarding alignment are given in Table 4. 
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Table 4 
Summary of Allowable Alignment, Measurement, and Stability Errors for the lTD 

Uncorrelated Positioning Errors 

Placement 

. Individual tile placement on a layer 
(all placement errors): 

Circumferen tial (tP) 
Radial (r) 
Longi tudinal (z) 

Layer placement on detector: 
Circlunferen tial (tP) 
Radial (r) 
Longitudinal (z) 

40 p.m 
1000 p.m 
200 p.m 

100 p.m 
1000 p.m 
200 p.m 

Measurement 

40 p.m 
500 p.m 
200 p.tn 

Correlated Positioning Errors 

Maximum correlated system measurement error, 
lTD relative to silicon (all measurement errors): 

Rotational alignment (tP) 
Radial (r) 
Longitudinal (z) 
Detector centroids 

7.6. Access 

10-5 radians 
200 p.m 
300 p.m 

40 p.m 

Stability 

40 p.m 
500 p.m 
200 p.m 

The lTD is designed to be modular to allow maintenance of tiles during 
shutdown periods. Maintenance is conceptually simple if the detector is mounted 
off the endcap calorimeter, and becomes more difficult if it is mounted at the 
same point as the barrel tracker. This is mainly because of the need to disconnect 
cabling before withdrawing the lTD from the coil and the need to leave enough 
space to remove the lTD from the coil. This requires that there be space to pull 
back the endcap by about 3-4m. It would be prudent to design the endcap and 
forward region of the SDC detector to allow easy removal during major shutdown 
periods. 

If the lTD is supported along with the barrel tracker special rails and guiding 
jigs will be required for the installation and location of the lTD. It is likely that 
the same equipment would be used to install the silicon and central detectors. This 
equipment would be mounted along the beam line and removed after installation 
is completed. Hoisting capability will be required to allow the installation and 
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removal of thil equipment. If the lTD il lupported off the endcap calorimeter 
then proximity lenlors and remote pOlitioning devices will be required to prevent 
damage during iniertion and to make measurements of the location of the lTD 
when fully installed. 

8. Gas Microstrip Detector Research and Development 

8.1. Introduction 

It was only in 1988 that Oed [3J built the first GMD and oblerved the 
phenomenon of electron multiplication in galel with microltrip anodes which 
were photolithographed on thin glasl lubltratel. Soon thereafter, the Pila and 
the NIKHEF groupl [5, 6, 9] fabricated limilar devices on other subltratel and 
demonstrated that GMDs were intrinsically capable of achieving luperior energy 
and Ipatial relolution and better high-rate capabilities than with conventional 
wire based devices. The GMD technology has made tremendoul progresl in the 
past three yearl. AI an example, the NA12 experiment at CERN Ulel 8 Imall 
GMD planel with a total of 1100 readout channell [7]. Fig. 22 from recent work 
by Bouclier et cU. [12] attests to the imprellive rate capabilities that are pOllible 
with present day GMDs. 

However, much work still needs to be done before GMDI free from time 
and rate dependent gain instabilitiel and aging effectl can be routinely uled in 
large-Icale HEP experiments. The gain Itability il of primary concem and il 
intimately linked with the learch for substrate materials with luitable reliltive 
properties. Proper electrostatic design of the GMD il allO eSlential. The probleml 
of efficiency and aging are related to the choice of gal, metalilation and the 
radiation hardnesl of the componentl. In addition, there are Ipecific R&D illuel 
related to our prelent lTD design, luch as radial anode geometry with keystoned 
cathode Itructure and allO the fabrication of large 20 cm x 25 cm photolithographic 
masks and prints. All relevant R&D illuel are being effectively addresled within 
the lTD collaboration. 

Much of the international HEP community il participating in this endeavour. 
Thus, there il an ongoing exchange of ideas and information among groupl 
interested in building GMDs for experiments at the next generation of particle 
colliders. Many of the problems are being understood and lolved. The GMDI 
uled at NA12 work with good efficiency and with Itable gains at ratel up to 
5x 105 fmm2 flee. These 3 cm x 3 cm GMDI were fabricated on quartz platel 
implanted with boron ions [7]. At present, Icaling up of thil technology to build 
the lTD il technically feasible, but mayor may not be COlt effective. However, 
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much recent progress has been made in the search for alternative substrates for 
use in building GMDs. 

8.2. Present Status of the field 

8.2.1. Substrates 

The search for substrate material with suitable resistive properties is of 
primary importance to the building of GMDs with stable gains. Many different 
substrates have been tried such, as a variety of high resistivity glasses, alumina, 
ion-implanted quartz, ion-implanted thermal oxide of silicon covering' a silicon 
wafer and a variety of plastics [3-12J. Plastics are of interest because their low 
mass and small Z results in reduced multiple scattering and photon conversion. 
As will be seen below, there has been much recent progress in selecting substrate 
materials to fabricate GMDs. 

The resistivity of a desirable GMD substrate should be high enough to limit 
the current flow between the anode and the cathode strips which would otherwise 
lead to overheating and increased Schottky noise. If, however, the resistivity is too 
high, the GMD gain will be rate and time dependent because of electrostatic field 
distortion caused by the buildup of charges between the anodes and the cathodes. 
The charges originate from stray drifting ions or from the migration of ions in the 
substrate. 

The exact range of the resistivity needed to minimise the above effects is 
somewhat uncertain. From heating and noise considerations, one can deduce that 
for a 200 pm pitch GMD the surface resistivity should be higher than 1013 0 per 
square, (equivalent to a bulk resistivity of lOll O-cm for a 100pm thick substrate). 
The surface resistivity may result simply from the bulk resistive properties of a 
homogeneous substrate or from the modification of the surface of an insulator. An 
upper limit on required resistivity can be derived from what is needed to neutralise 
the charge buildup on the substrate which is dependent upon the incident particle 
rates and the operating characteristics of the GMD such as gas diffusion and 
electrostatic design. In most cases it appears that the resistivity of the substrates 
should be lower than 1013 O-cm [14]. 

In an ideal substrate, the current is linearly proportional to the applied 
voltage and there is no evidence of micro-discharge or of unsteady currents at high 
voltage. In such an ohmic substrate, the electrical conduction mechanism depends 
on electrons and not on ions. Although there are many substrates available with 
resistivities in the desired range, most of them are non-ohmic. 

Sauli et cU. have carried out extensive research on charging phenomona and 
rate dependent gain shifts. They find large gain changes in GMDs built on most 
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common glasses for which the conduction mechanism appears to depend on the 
migration of sodium ions [14]. On the other hand, they have recently obtained 
encouraging results which indicate very small charging effects and smaller rate 
dependence of gains for certain special types of glasses which contain oxides of 
iron and which have electronic conduction properties. In their studies on plastic 
substrates they find that a GMD built on white Tedlar shows significantly less 
charging effects than one built on Kapton, which is a much better insulator [12]. 
Although short term operation with stable gain is possible for a 400 p.m pitch 
GMD on Tedlar, the substrate resistivity at 5x10140 cm is too high to avoid 
charging effects. 

In addition to their GMDs made from thin quartz plates, Bellazzini et a/. have 
made a GMD photolithographed on a thin layer of thermal oxide of silicon covering 
a silicon wafer. The surface resistivity of the oxide layer is modified using boron 
ion-implantation [7, 8] similar to that used for quartz plates. These GMDs appear 
to work well without evidence of charging phenomena. The operating voltage for 
the GMD made with the modified silicon wafer is lower, which is an advantage. As 
stated earlier, technologically, it is feasible to build ion-implanted quartz GMDs 
which will be free of charging effects and gain instabilities at the high rates that 
will be encountered in the lTD detector. 

8.2.2. Electrostatics of GMDs 

GMDs are printed on very high resistivity dielectrics and minimising the 
charging phenomena is crucial for their reliable and stable operation. This 
requires a good understanding of the electrostatics of these devices. Until recently, 
most calculations were done with programs which could only include the effects 
of insulating dielectrics on the electric fields in the GMDs. The effect of the 
conductivity of the substrate was ignored. 

Recent unpublished work by Florent et aI. [13], discusses the relationship 
between the electrostatic. and the charging phenomena in GMD •. The program 
MSFIELD by Gaudaen can compute the electrostatics for dielectrics of finite 
conductivity. Unless care is taken to arrange the voltages properly, a certain 
number of field lines will cross the boundary between the substrate and the gas. 
This has two consequences. The most obvious effect is that ions following the field 
lines will end up on the substrate surface between the electrodes, with consequent 
charge buildup and gain instabilitiei if the substrate resistivity is too high. The 
second consequence, not so obvious, is that a charge will build up due to the 
movement of electrons and/or ions (whichever are available) in the substrate. 
This charge movement will occur 10 as to eventually cancel the normal surface 
component of the electric field which must vanish in all conductors, no matter 
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how small their conductivity. This probably explains the observed initial variation 
in gain after turn-on for many GMDs. 

Florent et al. also show that both above effects are minimised if the chamber 
voltages are adjusted such that at turn-on, no field lines can cross the boundary 
between the substrate and the gas. If the normal component of the field within 
the substrate is zero, no additional charge movement has to occur within the 
substrate to cancel the normal component, it is already at zero. 

Also, in the gas volume, the probability of ions drifting onto the surface of the 
substrate is minimised. Even under ideal conditions, some of the ions liberated in 
the gas from ionisation and from gas multiplication will end up on the substrate 
between the anodes and the cathodes, but their relative number is now much 
reduced. As a result, the chamber can be operated at higher rates without any 
adverse effect on the stability of gain. . 

Knowledge of the GMD geometry, the substrate resistivity and the dielectric 
constant enables one to predict such an optimised set of operating voltages. These 
predictions have been verified in a series of measurements by Bouclier et aI., who 
observe better high-rate capabilities for optimum voltages than for non-optimum 
voltages (12-13]. 

8.2.3. Choice of gases 

The prime requirements of the gas mixture are high specific ionisation, high 
drift velocity, low diffusion and good gain and aging properties. With such a gas 
mixture, a narrow gap can be used to reduce the occupancy and still maintain 
good efficiency. Ideally, one would like to be able to collect enough charge for 
triggering within the time span of one beam crossing with full recovery in less 
than three beam crossings. 

Udo's NIKHEF (10] group haa studied the suitability of various gas mixtures 
for use in GMDs. They conclude that the two most promising mixtures are 
Xe/DME/C02 30/30/40 and DME/C02 60/40 since they allow a gas thickness of 
only 2.8 mm without sacrificing performance. In fact, the speed of the DME/C02 
60/40 is such that the response time would only be 40 nsec for 2.8 mm of gas. Udo 
et aI. find high efficiencies for minimum ionising particle tracks which are normally 
incident on the GMD with ionisation electrons collected by only one or two anode 
strips (depending on diffusion) and low efficiency for transverse low momentum 
loopers for which the ionisation is spread over a large number of anodes. These 
gases also have good aging properties. 
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8.3. Research and Development Plans 

Within the SDC collaboration, there are working GMDs at Carleton/ CRPP, 
Liverpool, RAL and Texas A&M. We describe below the R&D activities and 
plans of various SDC groups working in the field of GMD development. There 
are also a large number of REP centers not part of the SDC collaboration which 

. are working on generic GMD issues. We are thus in the fortunate position that 
several lTD R&D problems, such as substrates, gases, aging and electronics are 
being addressed by many institutions throughout the world, and we will continue 
to monitor and take advantage of developments outside of SDC efforts. 

8.3.1. Substrates 

The right choice of substrate.is essential for the stable and rate independent 
operation of GMDs. Thus there has been considerable RkD activity in the field 
within the lTD collaboration. Several substrates have been found by workers 
within and outside of SDC, which may be useable, but perhaps not ideal. These 
include Tempax glass, Tedlar and boron ion-implanted quartz plates. There are 
also other encouraging candidate substrates such as ion-implanted Kapton and 
types of iron oxide glass which are also being investigated and may lead to other 
solutions. 

RAL has been evaluating and will continue to evaluate different glasses as 
suitable substrates, with emphasis on gain stability, practical limits on the useable 
thinness, and rate performance. There is also ongoing RkD on large area 
lithography on glass in collaboration with industry. 

The Carleton/ CRPP group is working on a collaborative R&D project with 
the Sauli group at CERN on the development of GMDs on plastic substrates. 
Precision 200 p.m pitch GMDs have recently been produced on white Tedlar with 
the help of a microelectronic firm in Montreal. The new 200 p.m pitch GMDs have 
recently been tested in Ottawa with a Fess source. Further rate and charging tests 
will be carried out in the near future. 

The Texas A&M, Rochester and Purdue groups have been carrying out a 
thorough and .ystematic evaluation of candidate plastic substrates. Several 
candidate substrates in the correct reaistive range have been found. A new 
material developed by B.F.Goodrich combines standard thermoplutics such as 
ABS or polystyrene with a conductive copolyether in sufficient concentration that 
the copolyether forms quasi-continuous strands in the parent plastic matrix. This 
prevents the tunneling or hopping form of non-ohmic conduction in the substrate . 

. It is also possible to adjust the surface resistivity of Kapton using ion 
implantation or exposure to certain R.F. plasmas. For example, Spire Corporation 
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of Bedford, Massachussetts, is preparing samples of ion-implanted Kapton. These 
materials appear to be metalisable and etchable and will be evaluated by the lTD 
group. 

The Purdue group is building ultra-thin/low mass (100 J'm) plastic GMD 
prototypes using in-house lithography facilities with a segmented back cathode for 
two dimensional readout. If these devices are successful they could eliminate the 
need for stereo layers in the lTD, thereby reducing the amount of material in the 
tracking volume. In collaboration with Ohio State University they have proposed 
to use a GMD at a B factory and are preparing a proposal to install a prototype 
cylindrical GMD layer in the CLEO experiment during 1993. . 

GMD R&D on silicon dioxide/silicon substrates is being carried out at 
Liverpool, at the University of Montreal and at Texas A&M. These substrates 
have the additional advantage that the front end electronics can be fabricated 
on the substrate material itself. Texas A&M is also investigating orientation 
dependent etching on silicon substrates to produce 75 J'm anode to anode pitch 
chambers. 

8.3.2. "Keystoned" cathodes 

The GMD lTD will have anode strips up to 25 cm long that run radially from 
the beam axis. As a result, the distance between the anode strips increases with 
radius. If the widths of the anode strips and the size of the gaps between anodes 
and cathodes is kept constant, the width of the cathode strips can increase by 
more than a factor of two over the radial dimensions of a GMD module. We call 
this "keys toned" cathode geometry. 

Investigation of the consequences of keystone geometry on the variation of 
gain over the anode length was done by calculating the gain for two chamber 
geometries which differed only in the widths of the cathodes. The program 
MSFIELD was used for these calculations. This program calculates the gain by 
integrating the Townsend coefficient over the drift paths of electrons arriving at 
the surface of the anode. We find that a factor of two in keys toning results in a 
predicted 60% change in gain. Recently, we have been able to arrive at a keystone 
configuration which minimises gain variation by also increasing the anode width 
with radius. To keep the same anode cathode gap, the cathode width increase is 
reduced correspondingly. Gain variations of less than a few percent over the whole 
anode length appears to be possible with reasonable overall optimised voltage 
configuration. Fig. 23 shows a possible keystoned cathode geometry. 

RAL has started a program aimed at measuring the gain variation along the 
strips of a keys toned cathode detector. The results will be compared with the 
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electrostatic predictions, and iterated to arrive at the geometry which minimises 
the gain variation. 

A similar program is being started at Carleton/CRPP. A series of GMDs 
will be made with varying pitches corresponding to study the effect of keystone 
geometry on GMD gains and to optimise the lTD design with radial anodes. 

B.3.3. Gas Mixture 

Studies of drift velocities and gain characteristics of gases suitable for the lTD 
environment will be carried out at Carleton/CRPP and at RAL using laser test 
cells and sources. A desirable gas mixture should have a gain of a few· thousand 
which maintains a good signal to noise ratio with minimum aging effects. The 
Xe/DME/C02 and DME/C02 mixtures and VariOUI CF4 based galel will be 
studied. The CF4 based mixtures are known to have good aging propertiel. Their 
gain may be lower than other gases but may be adequate for lTD applications. 
CF 4 has a high drift speed, which usually leads to a large Lorentz angle, however, 
for the lTD, the electric and magnetic field are parallel and the Lorentz angle il 
not an important factor. 

B.3.4. Aging 

The GMD-ITD has to be able to operate for 10 years at several timel the 
design luminosity. Factors affecting the useable life of the detector are the 
substrate material, the metalisation, the gas mixture, and the gas gain. The 
aging characteristics will be tested initially uling high intensity X-rays and sources 
at RAL Texu A&M and at TRIUMF. Beam tests will also be performed at 
RAL, TRIUMF and CERN. Using X-rays, tests of up to several Coulombl per 
cm per strip will be done. TRIUMF has a partially automated set-up for aging 
studies which can be readily adapted for different geometries. Cathode etching 
effects have been observed in straw tubes with OF 4 based gases and these will be 
investigated. This gas is also known to attack plastics and, if chosen, care must 
be exercised in the selection of materials which come in contact with the gas. 

B.3.5. Radiation hardness 

GMDs should be less susceptible to radiation damage than silicon micrOltrip 
detectors. The lTD high radiation environment may affect the substrate electrical 
and mechanical properties. If the substrate maintains a reasonable mechanical 
integrity and its resistivity does not change by a large amount, GMDs should not 
be adversely affected. 

Plastics and most amorphous materials such as glass are probably affected only 
by the specific energy loss and the damage is independent of ioniling species. That 



is, one may use charged particles, neutrons or high energy photons from a "y source 
to study radiation damage in candidate GMD substrates. However, particularly 
for plastic polymers, it is insufficient to make before and after exposure studies. It 
is important to measure parameters such as resistivity during an exposure. Thus, . 
some sources might lend themselves more easily to such a study than others. 

The lTD collaboration has several resources for radiation hardness studies of 
GMD substrates. Rutherford-Appleton Laboratories have a dedicated radiation 
hardness test facility that provides 1 MeV neutrons. Texas A&M has a "swimming 
pool" engineering reactor that can provide 1 MeV neutrons and "Y. A map of 
this reactor's "Y . spectrum will be done in January of 1992, and a request for 
exposure time has been submitted for radiation hardness studies in 1992. A&M 
also has a lOCo source at the Cyclotron Institute that has a 2 Rad/second port. 
Arrangemen ts to use this facility have already been made. In addition, the 
Cyclotron Institute will allow us to do charged particle exposures (energies on 
the order of 55 to 60 MeV/nucleon for A/Z = 2) in the coming months. Such 
beams may also be useful in studying rate effects in GMDs. At Liverpool, we have 
access to the facilities of the Surface Science Department where we are initiating a 
program of study into the surface features of gas microstrip detectors before and 
after irradiation and deterioration due to aging. 

This R&D program on the basic operation of gas microstrip detectors can be 
carried out using small (10 cm x 10 cm) detectors. Plates of this size can be 
rapidly fabricated ensuring rapid turnaround of new designs and plates. 

A&M has done one exposure of candidate substrates to a flux of 1011 / cm2 of 
1 MeV neutrons. (The corresponding "Y exposure haa yet to be determined.) This 
mild exposure eliminated cellulose acetate aa a candidate and haa indicated we 
must study Tedlar with some care. 

8.3.6. Rate capability 

The combination of substrate, metalisation, anode/cathode geometry, high 
voltage distribution on the electrodes, gas mixture and front end electronics will 
be optimised for rate capability. The necessary measurements will be made 
using high intensity test beams, e.g. at CERN and collimated X-ray sources at 
CRPP /Carleton, at Montreal, at RAL and at TRIUMF. 
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8.3.7. Positional accuracy and two track resolution 

While these parameters may be estimated from the geometry of the detector, 
experimental confirmation will be required. A test beam at RAL, equipped with 

. silicon microstrip detectors and a read out system, will be available within the 
next few months. This may be used for an indication of the performance, but the 
energy of the beam is low, 700 MeV protons. High energy beams will be required 
for definitive measurements. The RAL test beam set-up is specifically designed to 
be easily transportable to CERN, where these measurements can be made. 

8.3.8. Metalisation 

The metal chosen for anode and cathode strips should have good conductivity 
and good adhesion to the chosen substrate. R&D on metalisation is being carried 
out at all collaborating lTD institutions to find the best metal, or combination of 
metals, and to optimise the plating thickness. Other factors aft'ecting the choice 
include aging, rate capability, and gas gain. All these factors are interdependent 
with the choice of gas mixture. 

8.3.9. End termination 

Field lines concentrate near the end points of the anode and cathode strips 
in a GMD. To reduce the field in these regions and to minimise the probability 
of breakdown, the anode and cathode strip ends may be shaped to avoid sharp 
comers. Passivation of the region is also a possibility. Carleton/CRPP, RAL and 
Texas A&M will all test various termination geometries designed to minimise the 
probability of breakdown as well as testing the techniques of paslivation at the 
end of anode and cathode strips. 

8.3.10. Larger Sized Plates 

To date all gas microstrip detectors in operation are smaller than ideal for 
the lTD. RAL is actively punuing commercial sources of larger masks and tiles. 
Plates of overall dimension 177 mm x 177 mm are available from industry. Plates 
up to 254 mm x 254 mm overall with the required definition have been promised. 
The success of thil pursuit depends on the current commercial R&D into large flat 
screen display sYltems. RAL has on order, for delivery in January 1992, a mask 
and plates of 177 mm x 177 mm overall. This is regarded as a first step along this 
road. Results of tests with these plates will contribute towards the specification 
of larger sizes. At CRPP /Carleton and at Texas A&M, development work will 
concentrate on large area lithography on plastics. 
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8.3.11. Timescales 

Most of the above extensive R&D program is of a generic nature and will 
be undertaken in conjunction with groups not allied to SDC. The pace of the 
program will be driven not only by the requirement to have a fully working lTD 
installed in SDC by September 1999, but also by the perceived desire by the 
aforementioned groups to have a working detector, at least as large, installed in 
an LHC experiment one year earlier. In order to meet the SDC schedule we must 
build a large scale prototype detector, before proceeding to production, by early 
1994. This implies the completion of the R&D program in two years, 1992 and 
1993. This is ambitious, but not unrealistic given the worldwide resources being 
devoted to the basic work. 

9. Electronics 

9.1. Signals and DAQ Requirements 

The design of the Front End electronics is determined by the signal character­
istics of the GMD and by the trigger and data taking requirements. 

GMDs are usually operated at fairly low gas gains and for the basis of this 
discussion, we assume a gas gain of 5 x 103 which is typical of existing devices 
but, as will be seen in the following arguments, could be reduced by a factor of two 
without changing any of the conclusions. The track length for a particle traversing 
the GMD varies between a maximum of 3 mm, when the track is perpendicular 
to the GMD tile, to a minimum of 200 microns, when the track is parallel. The 
minimum value quoted here is typical of GMD tiles on the inner radius of a 
tile, at the outer radius the figure is about 400 microns. High momentum tracks 
(> 5 Ge V / c ) will deposit ionisation in the full 3 mma of gas. Because this is 
a relatively small path length compared to conventional proportional chambers 
and because we intend to operate these GMDs at atmospheric pressure, a gas 
with good ionising properties are needed. We assume the use of a gas similar 
in ionisation properties to Xenon or DME, and producing 200 ion pairs per cm, 
which is con.evative as pure Xenon, for example, produces 300 ion pairs per cm. 
In that case, the signal after gas gain will be 3 x 105 e. This is to be compared 
with 2.2 x 104 e which is typical of a silicon micro.trip detector. 

For a standard drift chamber gas with a drift velocity of 50 IIm/ns, electron 
collection times of up to 60 ns are expected. These numbers are conservative 
in that gas mixtures are available that can double the drift velocity. The drift 
velocity determines the amount of charge that can be collected within a given time 
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and hence affects the pulse height. If a rise time of less than 60 ns is required to 
permit event tagging to within one SSC beam crossing, this will reduce the pulse 
height proportionately. Since risetimes of 20 ns or better are needed, we have to 
reduce our estimate of the collected charge from 3 x 105 e to 1 x 105 e. 

It is important to know the minimum expected pulse height which may be 
smaller than calculated earlier due to Landau fluctuations. Using a graph from 
Franzen and Cochrane [17] quoted in Sauli's CERN report 77-09, and using their 
fit of the Landau distribution to the experimental data it can be determined that 
the minimum energy loss is about 0.55 times the average energy loss. 

However there is another major effect that reduces the ionisatioll collected at 
an individual anode which is that tracks that pall close to the center of a cathode 
will divide their ionisation between two adjacent anodes giving another factor of 
two to be taken account of. In terms of electron collection, starting with the 
figure of 1 x 105 e quoted earlier we end up with figures of 5 x 104 e from Landau 
fluctuations alone, and 2.5 x 104 t!, which we refer to as Qo, from a combination of 
Landau and charge sharing effects in cathode crossing tracks. 

It should be noted that the electron numbers quoted here have been derived 
from the total amount of ionization. The number of primary electrons is typically 
a factor of three less than the total number (i.e. clulter lizes of on average three 
electronl). Working back uling the gain figure of 5 x 103 means that the 5 x 104 e 
originated from jUlt over three primary electronl. Uling Poillon Itatilticl, the 
probability of obtaining zero electronl when the mean is three, il 0.05. Hence 
the detection efficiency in thil cue is 95%. For cathode crolsing tracks, the lame 
number of primary electronl are deposited and they will be seen by one or other 
of the adjacent anodes. AI long as the electronic amplification il lufficient for the 
pulle to get over threlhold, then the overall efficiency will not be reduced. 

AI Itated above, the trigger and data taking requirements mean that the 
timing of the output lignal mUlt be relolved to well within 16 nl, the beam 
crossing time. There are at lealt three IOurCes of time delay and error that need 
to be conlidered. Thele are the electron drift delay, jitter and time slewing. 

• The electron drift delay is due to the time difference between pullel 
from anode-crolling tracks and cathode-crolsing trackl. Uling a drift velocity of 
50 pm/ nl and combining thil with the resultl of the electric field calculations 
which have been expanded to include the calculation of ilochrones, one obtainl 
a figure of 3.5 nl delay at 200 micron pitch and 7 ns at 400 micron pitch. Thul 
there may be a delay between 0 and 3.5 nl at the inner radii of tiles and between 
o to 7 nl at the outer radii. 

• Timing jitter arisel from electronic noise luperimposed on the signallhape 
which relultl in the detector output voltage crossing a fixed trigger threshold at 
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different times. The effect is minimized by using fast rise time pulses and can be 
estimated by -

where Q N is the equivalent noise charge and dQ / dt is the rise time expressed as 
charge per uni t time. 

To calculate the timing error due to jitter, we assume an amplifier with an 
equivalent noise charge of lOOOe which produces an output pulse that rises to an 
equivalent of Qo in 20 ns. This implies that the signal to noise ratio in the worst 
case ( using Qo ) is 25:1. With these numbers the timing error due to jitter is 
calculated to be less than 1 ns . 

• The time slewing errors are a result of Landau fluctuations in the energy 
deposition which cause large fluctuations in the signal size. Pulses of constant rise 
time but different amplitudes will cross a fixed trigger threshold at different times 
causing timing errors. 

To estimate the time slewing error, we take a linear approximation to the 
rising edge of the pulse. The time t at which a fixed voltage threshold VT is 
crossed depends on the rise time tR and the peak amplitude Vc, as: 

As. the peak amplitude changes but the rise time remains constant, the time at 
which the discriminator fires will change. For a dynamic range CI in amplitude, for 
example a 2:1 range or a 10:1 range, the time difference that this causes is given 
by: 

6T = ( VTt R )( 1 _ ( ! )) 
Vc, CI 

which has a maximum value for large CI of: 

Note that Vc, as used here becomes the smallest possible peak height. The formula 
is in ·terms of voltages but can be converted to charge by multiplying by the 
appropriate capacitance. 

The trigger threshold VT or rather QT the equivalent charge threshold, is set 
to be above the electronic noise in the system which we take to be 1000e. Using 
a safety factor of 2 times this figure gives a practical lower limit to the trigger 



threshold of 2000e which is still a factor of 12 lower than the smallest signal, Qo, 
calculated above. With a rise time of 20 ns a time slewing error of just under 2 ns 
is anticipated . 

• In summary, the three contributions to timing fluctuations in the arrival 
of the GMD signal have magnitudes of 0 - 7 ns for the electron drift, 1 ns for 
the time jitter and 2 ns for the time slew. The latter two are uncorrelated errors 
and can be summed in quadrature. The resulting time resolution is less than 9 ns 
and well within the beam crossing time. These devices are capable of producing a 
level-1 trigger. 

The response of the amplifier will depend to a certain extent on the capacitance 
of the GMD. The capacitance per cm of anode length is similar to silicon 
microstrips: 0.3 pF Icm. At first, this may seem large when compared with a 
typical 4 mm diameter straw tube which has a capacitance of 0.1 pF Icm. However, 
because of the short length of the GMD compared to a typical SDC straw tube, 
20 cm versus 400 cm, the overall capacitance is lower and is typically 6 pF. 

The main requirement then, is for an amplifier - shaper - discriminator 
combination with a rise time of about 20 ns and a noise figure of 1000e that can 
respond to an event from one beam crossing. Since the mean occupancy is low, 
the discriminator output can last for two or three beam crossings without affecting 
the trigger efficiency much. Due to the high bandwidth and the need to minimize 
the noise, it is essential to locate the front end electronics as close to the GMD as 
pouible. This imposes constraints on the heat dissipation and packing density. 

The space available for the GMD front end electronics is severely restricted. 
Ideally the electronics should be contained within the dimensions of the GMD 
tile. Behind a typical anode strip of 150 mm length and 200 microns inter-anode 
spacing, is an area of 30 sq mm. Even surface mount components are too large 
to be accommodated in this small an area. A typical 8-pin SOIC package has a 
footprint of 30 sq mm, so that if the amplifier - shaper - discriminator combination 
were packaged in one single SOIC, it would still need an area greater than the tile 
area to accommodate it and its associated decoupling capacitors and terminating 
resistors. 

The use of custom I.C.'s andlor hybrids, will be necessary. However the 
requirements are very similar to those of other tracking devices - straws and 
silicon microstrips - being developed for the SDC and for other high luminosity 
experiments. Many of the custom chips being developed for these devices could 
be used for GMDs but may need different packaging. The only major diffference 
may be the front end amplifier. 
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9.2. Front End Electronics 

The generic electronics chain for the GMD is shown in Fig. 24. The strips are 
partitioned into sets of 32, which are fed into an Application Specific Integrated 

. Circuit -01 (ASIC-Ol). This is the chip which contains input protection, amplifiers 
and discriminators. The hit information is passed to ASIC-02, which contains the 
level-l pipeline, read-out buffers and the level-l trigger data reduction logic. 

The pipeline is a Content Addressable Memory (CAM) so that zero suppression 
is automatic. Data passes serially from ASIC-02 to a local data collection chip 
(ASIC-03), which multiplexes the data into a fibre-optic link. Th~ link moves 
the data off the detector and into the receiver/buffer chip (ASIC-OS) where 
it is reorganised into a parallel format for storage in the level-2 buffers and 
manipulation by the level-2 trigger logic. In response to a level-2 trigger the 
data is moved asynchronously into the DAQ buffers, from which it is moved 
into the level-3 trigger system under the control of the level-3 processors. The 
trigger information by-passes the level-l pipeline and is brought through the data 
reduction logic and multiplexors to the Trigger Collection Chip (ASIC-04) where 
it is sent off to the main trigger electronics. 

The electronics required for G MDs is very similar to that required for silicon 
trackers. The results of the large R&D effort on silicon electronics are in large 
part directly applicable to the lTD. Significant differences do exist, and the 
R&D program to develop GMD electronics focuses on these differences rather 
than duplication of existing effort. In particular the pre-amplifiers require careful 
consideration. The electronics density is lower and allowable power consumption 
higher, which can affect the cost of the overall design as compared with silicon. 

9.3. Front End layout 

The features of the geometry of the detector relevant to the front-end 
electronics are shown in Fig. 25. The substrate plate is extended beyond the 
gas volume by 2.5 cm and the front-end amplifier and pipeline chips are surface 
mounted onto this region. Data collection chips and fibre optic drivers are also 
connected in this region, but this electronics has low connectivity to the plate and 
is mounted on a separate flex circuit to simplify assembly. 

The anode strips are terminated in bond-pads 70 p.m by 100 p.m immediately 
they exit the active area of the detector. The anodes are operated at ground 
potential and can be connected directly into the front end amplifiers. The 
cathodes continue past the anode bond-pads and join in groups of 32 which match 
the front-end chip segmentation. This is the analog "ground" and is attached to 
the analog ground in ASIC-Ol via one (or more) surface mount capacitors (not 
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shown in figure 25). The digital ground plane also extends under ASIC-Oli this 
is continuous ground, common to all ASICs on a single detector plate. Plates are 
not connected to their neighbours except via the power line trees. 

The outputs from ASIC-Ol are bonded to one end of 70 pm by 200 pm pads 
and the inputs to ASIC-02 are bonded to the other end. The ground reference 
for this connection is separate to both the analog and the digital grounda. All 
bonding is done using standard wire-bonding techniques; the numbers of bonds is 
acceptable and adequate reliability should be achieved. If plaatic subatrates are 
used for the GMD, one of the criteria they will have to satisfy is the provision 'of 
a reliable method of connecting to the rigid board containing ASIC-Ol. 

The ASIC-02 outputs are connected to the flex read-out harness, on which 
the data collection chip (DCC) and fibre-optic drivers are mounted using surface 
mount techniques. The flex is mounted flat on the detector plate so that the 
height of the flex components matches those surface mounted directly on the plate. 

Test pulse injection and high voltage supply is accomplished by extending the 
substrate plate beyond the gas volume in the opposite direction to the read-out 
electronics and using similar surface-mount techniques to connect the teat-pulsing 
ayatem and BV. The BV ground is DC iaolated from the analog electronics and 
digital electronics grounds. 

9.4. Front End Amplifiers 

Signal sizes and shapes are discussed in section 9.1 and are aimilar to signals 
from MWPC's. The relevant numbera are the riae time of 20 na and the equiValent 
noise charge of 1000e. The other important parameter is the gain which can 
be estimated from the signal sizes in the following way. The lowest practical 
voltage threshold is 10mV. Combining ·this information with the signal to noise 
ratio quoted earlier of 25:1 means that a minimum output amplitude of 250 m V 
is required. As the minimum input signal is 2.5 x 10· e or 4 fC the gain required 
can be estimated to be 60 m V IfC. 

An amplifier with approximately these specifications haa already been designed 
by Bellazzini[18]. It is only an 8-channel chip but haa a noise level equivalent to 
700e, a peaking time of 25 ns, a gain of 50 m V IfC and a power consumption of 5 
m W (including the comparator). 

The properties of a low cost CMOS chip set for die bonding directly to the 
chamber are being investigated by Texas A&M in collaboration with the SSCL. 
Using the ECAD design package, an amplifier haa been designed with the following 
criteria: 

• 75 pm channel-to-channelspacingj 
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• <2000 e noise equivalent charge; 

• Thin-gate CMOS technology (low cost, rad-hard); 

• Leading-edge timing to half an SSC clock cycle; 

• Recovery in ::5 2 SSC clock cycles; 

• Comparator, synchronous buffering until L1 trigger decision; 

• Encoding of hit pattern and buffering for readout on parallel bus architecture. 

Fig. 26 shows a functional schematic of the on-board electronics chip set. 

9.5. D.C. Voltage supplies 

Large amounts of low voltage current must be supplied to the front-end 
electronics. The design goal is to keep the total power dissipation to less than 
20 kW per end, but this still means that several thousand amps of low voltage 
current must be routed into the detector. 

The design of the power busing must minimise material and avoid putting 
stress on the detector as a result of magnetic forces on large currents. It is 
euential that grounding is done carefully. Loops are unacceptable. 

Power distribution design is at a preliminary stage, but Fig. 27 shows the 
proposed tree structure for power supply and read-out signal paths. Each detector 
plate is a leaf connected to a radial branch which extends from the outer radius of 
a power ring running round the outside edge of a superlayer. As shown the rings 
are broken and not loops. The rings are not connected in .I, each superlayer is an 
isolated system. 

The advantage of this style of tree is that the heavy duty power buses (rings 
and z paths) are removed from the tracking volume. 

Supplies and return are fabricated as a mechanically solid sandwich of 
aluminium and insulator. Since the supply and return currents are the same there 
are no net magnetic forces on the power buses. Individual spokes will carry a 
total of around 25 A (supplying ten plates), so that they can be fabricated with 
a section of two 200 pm by 1 cm foils (on average) with a maximum voltage 
drop along a spoke of 0.1 V. Cooling is via conduction to the electronics cooling 
rings (see later). Since the current in the bus decreases linearly towards the inner 
radius, the spokes are fabricated as wedges, which yields an average of 0.05% of a 
radiation length per plane in the tracking volume. 
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9.6. Cooling 

The electronics lie on rings, approximately 2.5 cm wide and with one ring 
per radial segmentation of the ~-strips. The bulk of the heating in the detector 
will be concentrated in these rings, each of which will dissipate 200 to 400 W 
(approximately 20 plates). Cooling rings are therefore required as an integral 
part of the mechanical support structure and are mechanically connected to the 
electronics. The design of these rings is not yet settled, and it is not clear whether 
forced "air", liquid or evaporative cooling is required. Whatever system is chosen, 
the mass of that system will be an important consideration. 

9.7. Data Transmission 

In this calculation, the mean occupancy of the strips at a luminosity of 1033 

cm-2s-1 is assumed to be 0.4%. This figure includes the fact that the GMDs 
may be sensitive to up to four beam crossings because of the electron drift times. 
Combining this with the maximum level 1 trigger rate of 100 kHz yields the mean 
number of hits to be read-out per second to be 

100 kHz x 108 channels x 0.004 = 0.4 x 10' .... L1 total hi t rate 

for each end. Assuming 10 bits are sufficient to encode the address of the hit yields 
a data transfer rate of 4 GHz. This is an easily manageable data rate by modem 
standards. A few tens of high speed fibre-optic links easily accommodates this 
rate of data transfer. The mean hit rate per tile, assuming a maximum channel 
count of 1000 is four per level-I, which yields a data rate per tile of 

100 kHz x 4 = 0.4 Mhit/s .... t1 hit rate per tile 

If zero suppression is used, then approximately ten bits must be used to encode 
each hit location and the data transfer rate becomes 

100 kHz x 40 = 4 Mbit/s .... L1 data rate per plate 

The corresponding numbers per 32 channel read-out chip are 

100 kHz x 0.004 x 32 = 13 khit/s .... L1 hit rate per chip 

100 kHz x 0.004 x 32 x 10 = 0.13 Mbit/s .... chip data rate 

To utilise high speed links requires multiplexing of data between GMD tiles, 
which has the potential of destroying the ideal grounding configuration. Therefore 
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using one low-speed. fibre-optic link per tile becomes preferable. If current 
estimates of the cost of a 63 MHz link prove correct ($20 each), this becomes 
the preferred data transmission method as it preserves the low voltage power 
distribution tree structure and simplifies the multiplexing electronics. (Note also. 
that simply using one fibre per two chips, eliminating all the DCCs, would result 
in 15,000 fibres being required per end, and the cost of this is not necessarily 
prohibitive). 

9.7.1. Low-speed Fibre Optic Links 

The situation in the lTD is fundamentally different to that pertaining to the 
communications industry. The total transmission distance is only 30 to 40 m 
so that fibre costs do not necessarily dominate. As an alternative to the use of 
a small number of fibres operated at GHz data transmission rates, it becomes 
possible to consider the option of low bandwidth data transmission (63 MHz) 
using a larger number of fibres. This has attractive advantages from the point of 
view of simplifying the front-end architecture, and is motivated by the possibility 
of using LED light sources, which are inexpensive and simple to. use. The 
extreme system would use one fibre per front-end chip, here assumed to cover 32 
channels. (ApproXimately 3 x 10· fibres would be needed in total). Without zero 
suppression, 32 bits of information are read-out in response to a level-1 trigger. 

LED driven links, using 5 mA at 1 V to turn the diode on, have been operated 
in a manner compatible with non-return to zero, strobed 63 MHz links. In the 
case of non-zero suppressed data transmission, the diode remains on for 16 ns at 
a maximum rate of 13 kbits/s, this yields a mean power consumption of 

16 x 10-8 x 13 X 103 x 5 X 10-3 = 1.0 ,." W 

(The driver employed during the test link described above used more power than 
this; we assume a CMOS switch for the final system). The total power in the 
system is then 0.06 W, which is negligible. For zero-suppressed systems, the 
rate of non-zero bit transmission is a factor of ten higher which still yields an 
acceptable power burden. 

An outline of the construction we envision is illustrated in Fig. 28. Fibres are 
grouped into ribbons, which run along flex circuits attached to the cooling rings. 
The LEDs are an integral part of this construction and the only connection to the 
read-out chips is a single wire bond. The receiving diodes are also mounted as 
an integral part of the ribbon, in a similar manner to the LEDs; only electrical 
connections are made to the ribbon. 
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9.8. Trigger Transmission 

Triggering is discussed later in section 9.9. Approximately one million strips 
must be employed to form a useful level-1 trigger. This data must be used in 

. every beam crossing. Taking the mean occupancy to be 0.4%, as discussed in the 
previous section, yields a data transmission rate of 

63 MHz x 106 x 0.004 x 10 = 2,400 Gbit/s 

To transmit all the data for level-1 triggering purposes off detector w~uld require 
4800 500 MHz links or 40,000 63 MHz links. Given that there is little cost 
difference, the segmentation of low-speed links is attractive. Associating two 
63 Mbit/s fibre with each 32 channel chip involved in the level-! trigger gives 
32,000 fibres, which is not impractical. Chips located on the inner ring of the 
detector may need to have three fibres. The total bandwidth of these fibres is 
three times higher than the 600 Gbit/s estimate, to allow for the shaping time 
of the amplifiers. By associating fibres with chips, all need for multiplexing is 
removed. 

The primary problem with simply transmitting the data off the detector for 
manipulation in the trigger is that it is unclear what the effect of correlations in the 
data will be. Sixteen consecutive hits would take almost 3 ps to transmit, which 
is incompatible with level-! triggering. Until the correlation problem is resolved 
it is necessary to develop schemes for reducing the data before transmission. Two 
such .• chemes are described in the following section on triggering. One of these 
has been designed in detail and layed out in .ilicon. Fabrication of test chips is 
taking place currently. 

9.9. Trigger Schemes 

Because of the projective layout of the anodes in the lTD tiles, the algorithm 
is simple, requiring that three hits lie on a line in (z,4» space. Having extracted 
the data from the front end, the algorithm required for the trigger can be relatively 
simple and easy to implement in hardware. 

The major problem facing the Level! trigger for the lTD i. to collect the very 
large amount of data at some central point in a sufficiently short time for it to be 
useful at the first level. The exact form of the level-! trigger system i. dependent 
on the bandwidth of the data transmission sy.tem that can be employed. Our 
current assessment is that some form of data compression is required on the 
detector before transmission to the central system which form. the level-! trigger. 
Even with this compression, tens of thousands of 63 MHz fibre links are still 
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required; however, our work on the development of low cost, low rate fibres leads 
us to believe that this is a practical option. 

We are currently considering two possible schemes, which are outlined below:-

9.9.1. Hit Density Dependent Precision (HDDP) scheme 

The proposed hardware works in two modes. If the occupancy of the strips 
exceeds 0.5%, a simple OR of the 16 strips is formed, the granularity of the 
detector reduced accordingly and each fibre transmits hit bits synchronously with 
the beam crossings. The mean hit rate per fibre will exceed 8% and the utility' of 
this mode of operation has not been evaluated yet. For occupancies below 0.5%, 
a more complex mode of operation is used. 

For each bunch crossing, the data for 16 adjacent hits is examined. The 
readout then depends on the occupancy of those 16 channels: 

• One Hit Case. If there is only one hit in the crossing, the hit location is 
encoded in 6 bits (more than required). This information is shifted out serially a 
fixed time after the beam crossing to which the data belongs. 

• Two Hit Case. If there are two hit strips in the crossing, the location of 
each is encoded with 3 bit accuracy (two strip resolution). 

• Three Hit Case. For three hits, 2 bit accurl.cy is used (four strip 
resolution). 

• More Than Three Hits Case. For more than three hits, the number of 
hits is encoded. An additional two bits are added to the serial data to indicate 
which of the four possible meanings is to be ascribed to the 6 bits of address data. 

Since the data is shifted out at 63 MHz, it is possible to have a a second beam 
crossing with hit data before the previous one is shifted out. To allow for this a 
four deep bufFer is used. A fifth hit crossing would simply be lost and represent a 
trigger inefficiency. An additional 4 bits are used to record the delay for any data 
set. Adding start and stop bits for the data transmission yields 14 bit words. 

At the receiving end of the fibres, the data is first shifted in serially. The six 
address bits and the 2 bit interpretation code are then moved to an 8 bit wide 64 
bit deep synchronously clocked shift register at the location in the shift register 
that corresponds to the time delay code. Thus if the time code was zero (no 
delay) the data would enter the shift register at the beginning; if the code was 64, 
it would be loaded at the last location. 

At the end of the shift registers, all addresses belonging to a particular crossing 
are synchronised at a fixed time after the crossing. 

Initially neglecting the neighbour problem for clarity, the data corresponding 
to the three fibres that form allowable roads are then brought together and 
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directed into three synchronous steps of three parallel paths of look-up tables. 
The information codes are used to sort the data. In the case of two full precision 
hits, only the first path is used; for two hits two paths, which at the first step 
have the first two and the second two hits respectively; for three all three paths 
are used in a manner analogous to the two hit case. 

The maximum number of bits per hit is 4 in the case of full precisionj the 
look-up table has 10 inputs, two times four bit addresses plus a two bit precision 
code. The output is the address of the predicted hit position in the third layer of 
the detector, which is stored as a pattern of set bits at the predicted hit location in 
a sixteen bit wide register (the SET BIT register); this step sets all bits compatible 
with the accuracy of the prediction and the allowed momentum byte. 

The second and third steps in the paths allow for other combinations of 
hits and the outputs are ORed into the SETBIT register, so that at the end of 
the three cycles all possible hit locations compatible with acceptable tracks, &I 

predicted by hits in the first two layen, are set in the SETBIT register. 

In the final step, the hit information from the third layer is translated into 
a SET BIT format and a bitwise coincidence is sought between this and the 
predictions from the first two layers. Such a coincidence constitutes a found track 
and the precision code is a measure of track quality. 

This scheme maximises the use of a fixed number of signal cables, since it is 
designed to result in fibres that are almost 100% utilised. 

A chip has been designed which performs part of the on-detector logic. The 
current version is single-hit only, but will lerve to verify that such logic can be 
incorporated on the front-end chipi at an acceptable coat in power and silicon 
area. 

9.9.2. Match Precision OR Scheme (MPO) 

The H D D P scheme has a hit-density dependent preOS10nj the algorithm 
results from the attempt to maximise the information available to the external 
system. However acceptable momentum resolution and the required 16 fold 
average multiplexing can also be achieved by ORing strips in a more intelligent 
fashion than that employed by the H DDP and using some local processing. We 
make ule of the simple relationship 

fl." = 0.3fl..t,. ..!.. 
.t Pol 

In order to have a constant resolution in transverse momentum, it is necessary 
to have increased accuracy closer to the beam line. Thus the natural way to divide 
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up the planes of the lTD is to OR a small number of strips together to form a. 
cell at the innermost radius, and a larger number at the outer radius. Suitable 
numbers would be up to 5 strips in the innermost radius and up to 20 in the 
outermost radius. 

In addition the data transfer rate can be cut down still further by doing 
some local processing in each of the 3 superlayers of the lTD. The idea would 
be to separate the first and last layers of the four layer package, which are both 
radial layers, by 2 cm. Each cell in the front layer would be combined with the 
appropriate cell in the back layer with a simple piece of circuitry which would 
demand a strip hit less than a certain distance from the straight line projection of 
the first hit strip. Demanding that this distance be less than 0.5 mm for instance 
would only be satisfied by tracks with P1. > 1 GeVat the innermost radius and 9 
GeV at the outermost radius. Such a requirement could be implemented simply 
and would already effect a substantial reduction in data volume to a level which 
could easily be coped with by having one low rate fibre reading out each of 
the cells. The situation is of course complicated by edge effects and accidental 
coincidences. The former can be dealt with by a small number of interconnections 
to neighbouring cells, whereas our preliminary Monte Carlo calculations indicate 
that accidentals are probably not a serious problem and in any case will be picked 
up by the subsequent processing which combines all three superlayers. 

Having collected all the data from the lTD superlayers the subsequent 
processing is relatively simple. Assume that the local processing in superlayer 
1 allowed a deviation in phi between the first and last layers of AlPl.In the 
appropriate cell in superlayer 2 a smaller deviation, AtPl, is allowed, with AlPl 
being allowed in super layer 3. Simple geometry indicates that the acceptance 
of such an algorithm as a function of dlP/dz = l/p1. is 1 until the point 
(AlPl - AlP2)/ Az and then falls linearly to 0 at the point AlPl/ Az, i.e. over 
a range in P1. controlled directly by the size of AtPl. If for instance AtPl/ Az 
is chosen to be (1/30)GeV-1 and AlPl = 2AtPl, 100% efficiency for tracks with 
P 1. > 30 Ge V is obtained and 0% for P 1. < 15 Ge V. Similarly AlPl = 3AtPl implies 
100% efficiency at 15 GeV, 0 at 10 Gev, etc. Thus this level of processing makes 
simple coincidence. between the three superlayers in order to give a simple trigger 
with a variable threshold. 



9.9.3. Segmentation 

Finally we discuss briefly the segmentation necessary for the trigger. We 
envisage 5 bins in 11 in each of the two ITDs. Each of these 11 bins has a number of 
cells in q, which varies from about 1440 to 2880 depending on the radius, making' 
a ,total of approximately 10800 cells per end cap. The coincidence between the 3 
superlayers would be implemented on 32 trigger cards (16 per crate) for each lTD. 
The cell size in the system ranges from a maximum of 6.3 mm to a minimum of 
1.3 mm. 

9.10. Second Level Trigger 

The Second Level Trigger (SLT) for the ITDs will be able to utilise the full 
momentum resolution of the ITDs and thereby give an improvement over the first 
level performance. Our approach here is to follow exactly the design proposed for 
the Second Level Trigger of the Silicon Detector. As we have remarked above, 
there are many similarities between the two detectors, and at the second level the 
data is presented in an identical manner. We therefore plan to combine the silicon 
and lTD SLTs at the earliest pOisible stage in order to achieve a fully integrated 
tracking trigger in the intermediate rapidity region. 

At level 2 the trigger should apply a fairly sharp track match Pl. threshold to 
the raw sample of single electron candidates for the calorimeter calibration, among 
other goals. As discussed above, the calibration sample should include electrons 
above 30-40 GeV Ic. A 20% resolution at 40 GeV Ic requires the momentum 
resolution function to be (7'pJ./Pl ~ 5 TeV-1 at this processing level. . 

For the lTD, we expect that a suitable improvement beyond the level-one 
trigger performance can be achieved by applying stereo information andlor 
combining the level-one trigger information with that of the silicon tracker[19]. In 
this cue, the similarity of information content between the lTD and the silicon 
should be of significant benefit. 

9.11. Pipelines 

Independent of the shaping time for the front-end &mplifiers, the pipelines and 
ensuing logic will work with single crossing resolution. The effect of shaping time 
is that the hit rate will be increased by a factor of three. 

The architectures suitable for the GMD lTD are identical to those useful 
for silicon, the only modification required for GMD use is that the pitch of the 
electronics be increased from 50 p.m to 180 p.m. 

Six architectures have been proposed and evaluated at RAL and Oxford; two 
have been selected for further study, one suitable for a strictly digital system, 
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the other for analog read-out. Both of these architectures are at an advanced 
stage of development. Test structures have been fabricated and test chips with a 
substantial fraction of the required functionality will be fabricated during 1992. 
The digital chip is a Content Addressable Memory (CAM) system, Fig. 29, and 
the chip to be fabricated has 64 channels, which is already more complex than 
that required here. The analog chip has a 64 deep switched capacitor array and 
control logic, but has only four channels. 

The CAM has a timing diagram shown in Fig. 30. In this scheme there is 
a CAM array designated to each input channel. Each array may contain one or 
more locations. Each location is capable of storing the time stamps generated by 
the time stamp counter and can output "valid" contents if they match the current 
time stamp. 

If there is a hit in anyone of the channels during a beam crosling, then the 
time Itamp of thil beam crossing will be stored in a location in that channel. 
After the level-! latency period, the time stamp will be the same as the stored 
time stamp. At thil point if there is a level-1 trigger the channel will output a 
MATCH lignal. Therefore this scheme enables the data at the input to· a chip 
to be reconltructed after the level-1 latency by grouping MATCH outputs from 
all the channels. In order to avoid any undesirable interaction between read and 
write operations, the read operation is performed during the first half period of a 
beam crosling and the write operation is performed during the second half period. 

Work on thele architectures will continue; currently the tests are being done in 
processel that are not specifically rad-hard. When rad-hard tests are performed, 
~hipi with both 50 and 180 p.m pitch will be fabricated: 

10. Risk Assessment and Safety 

The ITO mUlt necellarily fulfil the criteria laid down in the SOC requirements 
ocument. Thil lection dilcusles the technical rilk of chooling gal microltrip 
etectors as the basis ofthe ITO, the perceived failure modes and their containment 
nd the lafety hazards likely to be met. 
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10.1. Technical Risk 

Gas microstrips are a relatively new technology. As discussed in Section 8, 
considerable R&D must be successfully completed before the detector described 
in this report could be built. However, small detectors are working in both 
the laboratory and in running experiments. The world-wide commitment and 
R&D programme in large scale gas microstrip detectors is significant. The lTD 
proposed for SDC deliberately utilises the gas microstrip technology in the most 
conservative way possible. For these reasons we believe the technical risk of gas 
micros trip detectors failing to meet the SDC requirements to be at most MEDIUM 
and more probably LOW. 

The mechanical support structure is another area requiring R&D. Here the 
problem is not whether or not the gas microstrips can be supported, but rather 
in designing an acceptable structure using the least mus, radiation lengths, and 
space. These problems are common to both the central outer tracker and the 
inner silicon tracker. In that context we usess the technical risk to be LOW. 

The third area of R&D is electronics. Front-end electronics for gas microstrip 
detectors exist, o~herwise they could not be in a running experiment, however, it 
is not in the form needed for this tracker. The requirements for the pre-amplifier 
lie somewhere between those for silicon microstrip detectors and drift chambers, 
both proposed for use in SDC. We have designed the requirements of the trigger 
and DAQ electronics to be conservative, well within the demands of current 
experiments (ZEUS and H1 for example) and of other sub-detectors in SDC. We 
assess the technical risk of the electronics to be LOW. 

Whilst not, in the true sense, a technical risk, the implications of "designing 
to cost" are appropriate to this section of the report. The cost estimate given 
in Section 11 is S20.4M, including contingency. We hope, and expect, the cost 
of the lTD to be met from sources outside the US, but, to date, have no firm 
commitment from the relevant funding agencies. As the project progresses we 
may well find we have to "des cope" , which will increase the risk of the tracker 
failing to meet the requirements. We estimate this risk to be MEDIUM. 

10.2. High Luminosity Capability 

Due to its low occupancy « 4.0% at 1034 cm-2s-1), expected resistance to 
radiation damage and high rate capability (l05 /mm2 /sec), a GMD bued lTD will 
be operational with little or no deterioration in performance up to the highest 
luminosities of which SSC is capable. 
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10.3. Failure Modes and their Containment 

This section addresses the perceived needs for maintenance over the expected 
life of the experiment. It is assumed that the mechanical structure has been 
well designed, has few, if any, moving parts and hence will require little or no 
maintenance. The detector elements, electronics and data transmission all contain 
active components which will require periodic attention to maintain in good 
working order. 

10.3.1. Detector elements 

These consist of the substrate with its anode and cathode strips, gas contain­
ment, and drift electrode. The substrate, with its pattern of anodes and cathodes, 
will be subjected to: 

a) Imperfections of manufacture. It is unrealistic to assume that every plate 
will be perfect, it would drive up the cost enormously. A specification will 
be drawn up designed to strike the optimum balance between the desire for 
perfection and cost effectiveness. 

b) While every precaution will be taken to minimise the occurence and severity 
of discharges, it is unrealistic to assume that some deterioration will not take 
place. The mechanical design will, therefore, allow replacement of detector 
elements, or groups of elements, albeit on an infrequent basis. 

The gas containment around the detector element, and the drift electrode, are 
perceived as non-active components. Provided materials are carefully selected, no 
maintenance should be required. 

10.3.2. Electronics 

These contain many active elements and, however well designed and built, will 
require modules to be replaced on a fairly regular basis (2 or 3 times a year in the 
worst case). The design of the lTD will take this requirement on board from the 
very beginning. The perceived necessity of replacing modules of the electronics, 
will place demands on the access requirements. 

10.3.3. Data Transmission 

Any required maintenance of the data transmission medium, faulty connectors 
etc., can take place in parallel with maintenance of the electronics. Other 
conceivable failure modes, accidental or fatigue breaking of the cables or optical 
fibres, is difficult to guard against given the tight constraints imposed by the 
materials budget and hermiticity requirements. The probability of breakage will 
be greatly reduced if both the detector and electronics are rigidly fixed to a 
common structure, e.g. the end cap calorimeter. 
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10.4. Safety 

As stated earlier, the sse safety policies and requirements will be satisfied. 
The perceived safety hazards are: 

a) Slinging and lifting. During the building, shipping and installation phases 
the normal hazards of slinging and lifting a substantial piece of delicate apparatus 
will be encountered. The regulations applicable to the institute where the 

. operations take place will be adhered to. 

b) Gas. The gas mixture found most suitable for operation of the detector 
may be flammable. If this is the case, leak detectors, gal InifFerl and ventilation 
will be installed to satilfy sse safety policies and regulations. 

c) High voltage. The high voltage requirements of GMD's is modest when 
compared to multiwire proportional chambers and photomultiplier tubes. (lkV 
against several kV) Normal precautions will be taken to satisfy sse safety policies 
and regulations. 

d) Low voltage. This does not pose a personnel safety hazard. Precautions 
will be taken, ie fusable links, cables of sufficient conductor cross section etc., to 
ensure that short circuits cannot start a fire. 

e) All materials used will satisfy sse safety policies and regulationl regarding 
toxicity, flammability and other restrictions. 

11. Cost and Schedule 

11.1. Cost 

The first estimate of the cost of an ITO using Gas Microstrips wu presented 
at the SOC meeting in June 1991 at Dallas. Thil estimate was bued heavily 
on the existing cost estimate of the silicon tracker. This was done by pro-rating 
the applicable lilicon COltl by the ratio of the number of elements in the silicon 
versus the ITO detectors. A ball park guestimate was given for the cost of 
a Gas Microstrip tile. It was assumed that the contingencies contained in the 
silicon costing would be a good approximation to what was needed for the ITO. 
This process provided an estimate that ranged from 114.5M US to 119.3M US 
depending on the tile count. 

A revised cOiting was presented at the Dallas meeting in November 1991. This 
costing is the basis of the current cost estimate which il for an lTD containing 
5000 microstrip tiles. It uses a bottom up engineering estimate for mOlt of the 
major items except for the electronics which is still based on the silicon tracker. 
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The costing is in U.S. dollars and U.S. labour rates provided by SSCL are used, 

namely S75K a year for Technical labour and SllOK for Engineering labour. It 
should be noted that in a U.K. costing many labour expenses would be part of 

laboratory operating costs resulting in a lower estimate. A specific contingency 

is applied to each item. The contingency is 40% for most items, but is set as 

high as 80% for some of the high risk items. Table 5 gives a summary of the cost 

estimate. This table includes front end electronics but does NOT include external 

or trigger electronics. 

Table 5 
Intermediate-angle Track Detector Cost Summary 

Category Cost Cont. Cost+Cont. 
kS kS kS 

Micro-strip chamber modules 7714 4394 12108 
Front End electrorucs 1020 420 1440 
Mechanical Engineering 2625 980 3605 
Detector design 750 210 960 
Miscellaneous 1840 490 2330 

TOTAL COST 13949 6494 20443 

It should be noted that more than 60% of the cost of the lTD is related to 

the manufacture of the microstrip tiles and that this portion of the cost scales 

with the number of tiles. Thus to minimise the cost of the lTD the layout has 

been chosen to limit the number of tiles which in turn limits the active area of 

the detector. Design and engineering account for the other 40% of the cost of the 

detector and this depends only weakly on the detector layout. The dominating 

factors here are the tolerances required to maintain the alignment and the level 

of sophistication of materials required to keep the total mass low. A detailed 

categorisation of the lTD cost is presented in Tables 6 through 10 below. 
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Table 6 
Intermediate-angle Track Detector Cost Summary 

GAS MICROSTRIP DETECTOR TILES 

. Category 

Fixed costs: 
Masks including secondary, 45 at $2300 
Jigs and fixtures needed for assembly 
Infrastructure for assembly 
(Clean rooms, microscopes) 

Development of technique for tile assembly: 
Hardware 
Labour = 0.7 year (tech) 

Costs of Detector tile production: 
Design of detector tile 0.5 year (engr) 
Inspection of components 1.7 years (tech) 
Assembly of tiles 6 yrs (tech) 
Testing of tiles 3.8 (tech) 

Baseline design 5000 tiles - max 10" x 8" 
Microstrip plate, 5300 at $600 
(Includes substrate, metal coating, etching, 
and inspection to verify the lithography) 
Frame and backing, 5100 at $300 
(Backing plate, gas tight frame, drift plane) 
HV supply board, 5100 at '75 
Preamp/FE board, 5100 at 1150 
Wire bonding, 5100 at .70 
Total unit cost per tile = $1195 

TOTAL cost of micro-strip chamber modules 

Cost 
k$ 

103 
170 
200 

40 
50 

55 
128 
450 
285 

3180 

1530 

383 
765 
375 

7714 

Contingency 
k$ 

40 
70 
80 

16 
20 

22 
50 

150 
100 

2650 

612 

128 
306 
150 

4394 

The cost of the microstrip tiles is based. on extrapolating from the costs we 
have incurred. in building small test chambers. We are in the process of obtaining 
quotes for the full size items in our estimate, some items such as the electronics 
boards are already based on industrial estimates. We have recently received quotes 
for the masks, a major component in the construction of microstrip chambers, 
which is well below the estimated cost (see Fig. 31). 

Initial information from industry indicates that micros trip substrates of the 
type currently used in our prototypes will also be less than our current estimate. 
Despite this very optimistic information we maintain a high contingency as it 
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is possible that extra process steps will be required In the production of our 

microstrip substrates. 

Table 7 
Intermediate-angle Track Detector Cost Summary 

FRONT END ELECTRONICS 

Category 

Fixed costs: 
Component development costs 
Local electronics development 

Component costs: 
Preamp / disc / shaper 
Encoder / digital .. pi peline 
Data transmission 
total component costs 

TOTAL FE electronics 

Table 8 

Cost 
kS 

170 

850 

1020 

Contingency 
kS 

70 

350 

420 

Intermediate-angle Track Detector Cost Summary 
DETECTOR. DESIGN 

Category Cost Contingency 
kS kS 

5 years engineering time 550 160 
Infrastructure, CAD equipment 200 50 

TOTAL Detector Design 750 210 
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Table 9 
Intermediate-angle Track Detector Cost Summary 

MECHANICAL ENGINEERING 

Category Cost Contingency 

Conceptual design and material development: 
2 years (engineer) 

Final detector hard ware: 
Structural layers 24 at 20k 
Structural cones 2 at 250k 
Mounting supports 
Alignment 
Jigs/fixtures and handling 
for mounting tiles into layers 
Development hardware 

Manpower: 
Development of support structure 
(2 years-tech) 
Assembly - putting tiles on layers, 
assemble layers and cones, 
labour for alignment 
(5 years-tech) 

TOTAL Mech Engineering 

k$ k$ 

220 90 

480 120 
500 200 
200 80 
200 80 

350 140 
150 60 

150 60 

375 150 

2625 980 

It is felt that the mechanical engineering costs are better understood than the 
microstrip tile costs. The estimates for the cost of designing and building the 
structure are based on experience of work on similar structures for other HEP 
experiments. The cost presented here is based on a support structure consisting of 
cone segments and planes as described in section 7. The cost is not very sensitive 
to the layout in terms of the number of discs used to support the microltrips. The 
cost assumes that the accuracies as described in section 7 will be sufficient. Any 
tightening of the tolerance requirement would clearly boost the cost. 

We are currently in the process of converting this costing into the methodology 
used for general SDC costing with the Excel spreadsheet program. A summary of 
this is presented in Fig. 32 along with the contingencies shown in Fig. 33. The 
contingencies have been calculated using the formula supplied by the SSCL. There 
are small differences between the table given above and the WBS sheets due to 
the way various quantities are calculated. 
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Table 10 
Intermediate-angle Track Detector Cost Summary 
LABOUR, TRAVEL, AND MISCELLANEOUS COSTS: 

Category 

Manufacturing control, 2 years (engr) 
Project management, 5 years (engr) 

Travel* for engineering coordination: 

Cost 
kS 

220 
550 

UK/Canada, 16 trips/yr x 5 yrs x S2K = S160K 
Manufacturer/supplier visits -

Structure 20 trips x SO.8K = $16K 
Tiles 40 trips x SO.8K = S32K 

SDC coord, 6 trips/yr x 5 yrs x S1.5K = S45K 
Installation prep, 6 trips x S2K = S12K 
Installation, 6 trips x S4K = S24K 
Total Travel 290 

Trial Assembly: 
Hardware 
Labour (9 months to 3 years) 
(mix of skills) 

Final installation and test: 
Hardware 
Transport and packing 
Labour (3 months to 1 year) 
(mix of skills) 

Physical Plant: 
Cables 
Gas pipes 
Cooling 

TOTAL labour, travel, and miscellaneous 

30 

270 

30 
20 

90 

200 
70 
70 

1840 

Contingency 
kS 

55 
110 

50 

10 

100 

10 
5 

40 

50 
30 
30 

490 

• Since the lTD group plans to assemble the detector outside of the U.S. then 
ship it to the SSC Laboratory for installation, travel is listed explicitly. 
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11.2. Schedule 

The provisional schedule for the construction of the Gas MicroStrip lTD is 
presented in Fig. 34. In this schedule we propose a period of 18 months of R&D 
on gas microstrips until the middle of 1993. At this point the detector design 
would be frozen and work would start on a full scale prototype. Tests on the full 

. scale prototype would continue until the end of 1994. Information from the full 
scale prototype tests would be used to fix the final tile design in the first quarter 
of 1995 after which full scale lTD tile production would commence. Production 
and testing of the microstrip tiles is expected to take just under 3 years and be 
completed by the end of 1997. The design and construction of the electronics 
follows a similar schedule with the design being frozen in the middle of 1994. 

The design and construction of the support structure will occur in parallel 
with the work on the tiles themselves. The design will span a 2 year period 
from 1993 to 1995 and will include construction of prototypes to prove the design. 
The support will be built in 1995/1996 completing in the middle of 1996. The 
assembly of the tiles onto the layers will then proceed as part of the production 
line of tile building, assembly, testing and positioning. 

It is expected that final assembly of the lTD will be done in either the UK 
or Canada. Shipment to the SSC lab will occur in the third quarter of 1998 with 
installation by the end of the first quarter of 1999. There are small differences 
between this schedule and the current subsystem schedule (SDC WBS 8.2 Rev 2, 
12/2/91). These are not considered to be substantial. 

The manpower requirement is summarised in Fig. 35. It should be noted that 
the number of people required starts to rise rapidly after the middle of 1993. This 
is when major funding from both the UK and Canada is expected to turn on. At 
the peak of construction and testing 18 people will be required for this project. 

12. Upgrade path with Gas Microstrip chambers 

For the intermediate angle tracking in SDC, we distinguish between upgrades 
required for high luminosity operation and those which improve performance. The 
lTD as proposed in this CDR has the merit of being able to operate well at. the 
highest SSC luminosity currently under consideration (1034 cm-2 s-I). Hence any 
future upgrade is motivated entirely by improvements in performance. 

The present lTD design is limited primarily by financial constraints. So an 
obvious performance upgrade is to increase the number of layers with the presently 
proposed technology. Evaluation of the best way of proceeding clearly involves 
cognisance both of layout and of materials budget. 
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The present lTD design is conservative. It makes use of safe gas microstrip 
technology in the sense that it does not push any of the relevant performance 
parameters (resolution, pitch, etc.) to extremes. Development work will make 
possible in the near future use of this technology in more sophisticated ways, for 
example: 

• the use of analogue information from strips to enhance spatial resolution 
and to permit pulse height discrimination, thereby making possible both 
..., - e+e- recognition and enhanced 1r/e discrimination by means of 
transition radiation detection; 

• segmentation of the back cathode to provide two-dimensional read-out, 
thereby reducing the material budget by eliminating the need for separate 
stereo layers 

• finer microstrip pitch to provide improved spatial resolution, either by 
advances in the manufacturing techniques and design of planar devices, or 
by the development of non-planar surface topography ("knife-edge" and 
other similar devices) which would permit closer spacing of the anodes and 
cathodes. 

If used to form the basis of an upgrade, the above could involve replacement 
of some of the initial lTD components. Further developments might permit the 
use of microstrip-style devices in other areas of the tracking volume of the SDC, 
either by expanding the region of coverage of the lTD, or by replacement of some 
or all of the barrel outer tracking components. 

Furthermore, we expect that devices of this type, extending and improving the 
basic GMD format will continue to be pursued for LHC and other high-rate, high 
energy physics applications, including B factories and fixed target experiments. 
Should this trend continue to hold true, we can expect the amount of information 
available within the field to grow very steadily and rapidly with time. Thus, 
by pursuing a gas-microstrip based intermediate tracker, SDC will position itself 
in a suitable manner to take advantage of these advances as they come, and to 
make progress in an appropriate way toward a tracking system that can carry the 
collaboration well into the next century with precision, high rate capability, and 
analytical power. 
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13. Appendix; Layout Revision 

At the recent SDC collaboration meeting in Pis a, (January 1992), a sub-group 
met to discuss the 11 boundry between the Barrel and the Intermediate track 
detectors. The result of this meeting was a new proposal for the layout of both 
the barrel tracker and the lTD. This is shown in Fig. 36. This version of the lTD 
has 3808 tiles. A 3 superlayer version of the same layout would have 2856 tiles. 
The cost of these options can be estimated from the cost tables given in section 
11 by pro-rating the costs that scale with tile count. The estimates are $17.2M 
US and S14.6M US for the 4 and 3 superlayer options respectively. 
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FIGURE CAPTIONS 

1) Schematic of high Pi. parton-parton collision embedded in a high Pi. 
proton-proton interaction. Here f(~) is the parton flux factor, dcr is the 
parton-parton differential cross section (function of j and final state phase 
space variables), and the Feynman ~ is the usual fractional momentum of 
the interacting parton. 

2) Parton probability distributions weighted by~, as extracted from analysis of 
deep inelastic measurements; also sketched is the dependence corresponding 
to f(~) ~ 1/~3 . (Calculated by Gliick et al.) 

3) Cross section for Higgs production as a function of rapidity 11 for different 
Higgs masses; also marked are typical acceptance limits of proposed tracking 
systems in SDC, the inner silicon tracker, the barrel central tracker (straws 
and/or fibres), and the Intermediate angle Track Detector (gas microstripi 
or fibres). 

4) Fraction of events with another vertex within 1 mm as a function of 
luminosity. 

5) Deflection 6 vs path length for a high-momentum particle at several." values, 
normalised to the value 60 at." = 0 and R = Rmaz. The dashed (dot-dashed) 
curves show the effect of moving the face of the flux return iron and the 
last measurement plane 40 cm downstream (upstream) of the end of the 
solenoid. 

6) Diagram of gas microstrip chamber. 

7) Typical GMD sense plane. 

8) Plot of drift field of GMD in a region between the centre of an anode and 
the centre of a cathode. The plot shows the high field region around the 
electodes plus the transition to the uniform drift region. 

9) Plots of electron drift paths for tracks crossing perpendicular passing through 
a cathode on the lense plane. A drift velocity of 40 p.m/nsec wu usumed 
in generating the time contours. 

10) Layout selected for simulation studies that reflects the design restrictions 
and parameters that are spelled out in the text. This configuration of 
three superlayers, each with two layers of radially-oriented anodes and two 
opposing small-angle stereo views, provides a trigger with good redundancy 
and immunity to combinatoric noise, and a space point at each pair of 
radial/stereo layers. 

11) Total amount of material expressed in terms of percentage equivalent 
radiation lengths versus pseudo-rapidity for a model of the silicon, central 



barrel outer, and intermediate disk outer tracking systems of SDC. Material 
in the lTD averages approximately 7 percent of a radiation length divided 
by cos 8, in rough agreement with the goals set for this device. 

12) Trigger efficiency as a function of track P.l for nominal thresholds of 5, 10 
and 20 Ge V / c for a sample of 200 Higgs events decaying to 4 l~ptons. 

13) An example Higgs - ZO ZO - IJ.+ IJ.-IJ.+ IJ.- event: (a) all tracks including 
secondary interactions and conversions, (b) only those tracks from (a) with 
transverse momenta above 5 GeV. 

14) Minimum lepton P.l versus maximum pseudo-rapidity 11 for 500 Higgs to 
four lepton events. 

15) Position resolution (radial and rei» (a) for no beam constraint and (b) with 
beam constraint, for tracks projected to the calorimeter. 

16) Position resolution (radial and rei» (a) for no beam constraint and (b) with 
beam constraint, for tracks projected to the last silicon disk. 

17) Momentum resolution for leptons with P.l from 5 to 15 GeV / c for all 
pseudo-rapidity 11 bins (lTD hits). 

18) Isometric CAD drawing of lTD. 

19) Two different options for placement of the lTD tiles to provide full (r,eI» 
coverage. The planes can be "shingled" (tilted) or staggered so that no gaps 
are evident to the passage of a high-momentum particle. 

20) Support cone to which support discs are attached to provide mechanical 
support and positioning of the tile planes. 

21) Example mounting flange design for the connection of the lTD support 
frame to the coil or the endcap calorimeter. 

22) Dependence of gain on rates for 400IJ.m GMD built on Tedlar (from Bouclier 
et al.). 

23) A possible constant gain keystoned cathode geometry. To keep gain constant, 
the anode width also increases slightly with radius. 

24) The Electronics Chain for the Gas MicroStrip Detector 

25) Schematic View of Front End Amplifier 

26) Schematic of a digital (CMOS) readout chip set. 

27) Tree Structure for Power Supply and Readout 

28) Construction of Optical Fibres 

29) Operation of Computer Addressable Memory (CAM) Chip. 

30) Simplified Timing Diagram for the CAM. 
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31) Cost quotation for micro-strip masks. 

32) Summary of Excel-format cost estimate for lTD. 

33) Table of contingencies used in cost estimate. 

34) lTD construction schedule. 

35) lTD manpower schedule. 

36) Layout for outer tracking detectors produced at SDC collaboration meeting 
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TABLE CAPTIONS 

1: Parameters of Gas Microstrip Devices. 

2: Tile count, dimensions, and placement of the elements of the design presented 
in Fig. 10. 

3: Table of occupancies for the lTD elements as determined from the fast 
Monte Carlo. 

4: Correlated and uncorrelated maximum allowable positioning errors for both 
placement and measurement of components of the lTD. 

5: Summary of the Intermediate-angle Track Detector cost estimate including 
con tingencies. 

6: itemised costs for lTD Gas Microstrip Detector tile components. 

7: itemised costs for lTD front end electronics. 

8: itemised costs for lTD detector design. 

9: itemised costs for lTD mechanical engineering. 

10: itemised costs for lTD labour, travel related to engineering coordination and 
installation of the detector, and miscellaneous expenses. 
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•••••••••••••••• 11 ••••••••••••••••• 1 ••••••••••••••••• 1 ••••••.••••••••. .1 ••••••••••••••••• ~ ••••••••••••••••• ~ ••••••••••••••••• ; ••••••••••••••••• : ••••••••••••••••• 

Suppor18tructure Conoepta ,: 
~.()et-81 3O.Jun-83 1 1 1 1 : 

..•••••••..••••• 11 •••.•••••••••..•• 1. •••...••••...... 1 ••••••••••••••.•• 1 •••••••••••••••••• : ••••••••••••••• ··1·· .............. ·l ................. : ................ . 
NlllnWlType c.bIMIFIne I: 1 : 

ill I I I I ,.()et-81 3().Jun-83 1 1 1 1 1 

•••••••••••••••• 11 ••••••••••••••••• 1 ••••••••••••••••• 1 •••••••••••.••••• : ••••••••..•••••••• : ••••••.•••••••••• { •••••••••••••••• ·1··· .............. ; ................ . 
DeeIgn Loc.I ~ 1 1 r : r 

~ .()at-81 28-M8r-M : : ................. : .................. -i-·· .............. l .................. 1 .................... : .............. ·····i···· ......... -..... {- ................ J .......... -..... . 

r : F1_ 0e0rMIry r : r 

: 3O-Jun.Q3 • 3Q.Jun.83 1 : : 1 1 

•••••••••• •••••• • •••••••••••••••• ; ••••••••••••••••• } ••••••••••••••••• 1 ••••••••••••••••• J ••••••••••••••••• 1 •••••••••••• '" •• j ................. 1 •.•••....••••.... 
1 FNeze o.c. o..ign : 

1 3O.Jun.I4.~ 1 1 : : 

••••••••••..•••• • ••••••••••••••• ~ •••••••.•.••••••. ~ •••••.....•••••. J. •.•••••...•.•••• 1 ••••.•••••••••••• 1 ..••••••••••••••• 1 ••••••••••••••••• ! ................ . 
Detd DeeIgn o.tectIor TIIee 1 

1 

1 1 ~u1-84 • 31.Aug-84 1 1 1 

•••••••••••••••• I ••••••••••••••••• } ••••••••• ~ •.••••• ; •••••••••••••••••• ~ •••••••••••••••• J ••••••••••••••••• I ••••••••••••••••• 1 ••••••••••••••••• 1 ••••••••••••••••• 

1 1 1 
~ o.c.TIIe Camp 

1 1 1 3-Apr-81 31-Mi1r-17 1 

., .............. : ................. ! '" ................................ J ••••••••••••••••• J ••••••••••••••••• 1 ••••••••••••••••• 1 ••••••••••••••••• 1 ••••••••••••••••. 
I Itt 

I I I I " ........ .....-._..-.a.- t 
1 1 ~,--.mbIy 
1 

1 1 I~. 3OS.,,17 ................ : ................. ! ................. } ................. : ................. J ••••••••••••••••• I ................. I ................. : ................ . 

: :: o...c.ar TIle T_ ': 
1 1 
1 1 1 2.()d.15 31~7 

•••••••••••••••• : ••••••••••••••••• 1 ••••••••••••••••• 1 •••••••••••••••• .I. •••••••••••••••• J ••••••••••••••••• I ••••••••••••••••• I ••••••••••••••••• ! ................ . 
I I , I 

1 : Support Strucbn DeeIgn ::: 
1 1.Ju1.83 3O-Jwt.85: 1 : 

................ } ................. i ................. } ................ .I. ................ J ••••.•••••••••••• I ••••••••••••••••• 1 ••••••••••••••••• \ ••••••••••••••••• 

: 1 : Suppor18truat1n ~ 1 

: 1 1~ ~ 1 1 

................ , ...... ···········1······· ......... ·f················ ... ··············· .~ ................. I ••••••••••••••••• I ••••••••••••••••• 1 ••••••••••••••••• 

: : : 1 1 Slwart 8IructuN ,...,. T_ 
: : : 1 1~ 14-Aug-II ............................ i ........ ............... ! ................. .... ~ .. ....................... ; ....................... -: ..................... ~ .. ................... ~ ..... -.................... t .......................... .. 
1 1 1 
1 1 

: 1 1 1 : 1 17-Aue:88 • 30 Sip 18 
•••••••••••••••• 1 ................. 1 ................. \ ................................... } ................. J ................. I ................. I ................ . 

• I • t • • t 
1 1 1 ....... n 

: tIt : 1 1~ .... 31~~ 
................ 1 ................. 1 ................. 1 ................ .1. ................ J ................. I ................. I ................. 1 ................ . 

I I , , t I , • 
I I • I' I I 
I I tit ___ -1I~ ____ JI ______ 1-____ jl~ ____ i' ______ ~ ____ ~ __ 2:·~~~~~!!!!~ '-.. 1 1 1 
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_ I----------------------~I_I _________ • ___ • ________ ~ 
Figure M 



Intermediate Tracking Detector Manpower Profile 

-----l-- -------L------- ~ -.1~ ____ .!~ __ I __ 1~ _ __ ~~_I ____ I!~_ .. !~ __ ;!~7 
~J~~~~_ --~~t j-~~ _~ --- ~~~ : -_ -~= _-- -::--_ -- --- ---- -- ~ --:~_-- -- : . -···e 

~~~I 11 222 2 ! __ .. __ _ .... _._ .. ____ . ___ . __ ._ 
~.!~~F._~~__ ___ . _____ . ___ h. _____ • ___ h __ • ____ ._~ _. ___ • ____ _ 

Dala_Tle-~~~~--LLL 5 5 5 5 5 5 5 5 5 ------~ - .. - .. - --··1- -. - - .-- - .--- .. -. - ..... - .-- .. -- ...... - .... --

Date_TIe TEal 3 3 3 3 3 3 3 3 3 

==~ __ ~_~-~-~~-=~--===--- .~Ih~.!.~.~:: :~h--_~~~--
~~~,.·J~rI..~- -. - ----- -.- -
NtaIaIion 
~~:~- :-. ~:~_,=~-.~.-~ .. - .--. ~-:~._ .. -~.~c- ~-.- h 2 2 2 2 

1 1 1 1 1 1 
--- -- --- .-- --~~--. -.- 2 2 2 2 2 '-2 2 2 2 2 2 2 2 MMUactln Ccn'oI 

I;.;-------~~----- --- ---. 
-.~ .- -- I-- -1--1--1-- -- - - -.- -.- -- --.-- -- -- .--.-- - -.- _h· 

INnt~~-;~--· .--=--~:~=~--+=.~=~=~=-:-.--II---.:.~ ~~~. ~.~ =- -~ .. -.-- ...... - -.- - -_.- - .. 

5 

2 
. -
1 - . 

2 --

Elec*onics or Cable MMUactln: a . • T asI .- . -. f- --. . - ..-

liDat~~.8~-'*~ ... ~TiIe~~n~~~~=ttrtttlt··j-e--=1-~···-J·· C-l· .--;. r-·-·-··i r--.---1.,-. ----1t-f_--.~ == ~- ~ ~.~ ~~-~-

5 .• 

2 
1 
2 

5 5 5 5 
--

.-
2 2 2 2 
1 1 1 1 -
2 2 2 2 _. .- -

1998 . '1999 

-.- f---- - --- -.. ..-. 

.. -- -- -- -- . -. 

.. --e__- -

5 5 5 
-. - - 1-- .. --

3 3 

2 2 222 

--1--- -.- .--.1-.. I""": _. 

I~~~~---l----!-!-!-l-!-~-!-!-!-I-I-IWI-l--·~-+--;-+---+-···· .. - .-.. - -.- ... - - -1---.. -. --- .-... - -.- ... ~- .- - ---

---1-.- --

TOTAL 
~---+----f-----+--+--+--t-f-f-f-f-f-~-I-- -,1- -.- --- .-- -- - ...• -- -.... -. --- - - ... .. - .--- .... - ... -

1 1 2 2 2 2 .. 6 6 6 6 9 9,13 10 10 13 13 13 18 18 18 18 18 13 7 7 7 5 5 

Figure 35 



i ! i :t at 
• 81 t=-

1111 I 
II 
II 
II 
II 
II 
II 

" II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
11 
II 
\I 

"" -II 
20t? 

322' \-_~ __ -¥ 

3744 t--------¥ 

~ ... --

Z .~gtSL9BtU9L 


