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The goal of our suosy etailed study and design

. The system includes central

1 K
of a complete wire chamber tracking system
tracking with straw tube chambers and intermediate anglc tracking with wires transverse to
the beam direction. The system should provide identification of charged particles over |
< 3 and momentumn measurement over inj < 2.5.

Some of the collaborating institutions already had funds through the SSC detector
generic R&D program. We encountered severe difficulties in funding for those institutions

that were depending on funding from the subsystem R&D program; in most cases, that
funding was not available until August 1, 1990, which was only three weeks ago. In on

case, the institution still has not received funding. In at least two cases, slow progress can
be attributed to late arrival of funding. We hope that this situation will be alleviated during
the coming fiscal year. Fortunately, in a few cases work was carried out with only the hope
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The institutional participation has evolved somewhat since the Memorandum of

Understanding. D. Saxon has moved to the University of Glasgow and has a group there.
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We have made ubstanual progress in the areas of straw tube R&D, design of straw
en r connection of gas, high voltage and electronics),
engineering studles for support structures, and design of front end and triggering
electronics. We have also made progress in simulation and intermediate angle tracking

R&D. We describe the work in more detail in the following sections.



Instltutnons. Indiana Umversnty, Umversnty of Colorado, Los.Alamos
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California, Berkeley and Princeton University

Central Tracking

We have been carrying out a detailed study of a modular straw drift cell tracking
system for the central tracking region of the SDC detector. Fig. II-1 shows the tracking
system proposed by the SDC collaboration. The tracking volume is about 9 meters in

length and 3.6 meters in diameter. In the wire tracking alone the total segmentation will be
about 0.25 Million channels. The cell cathodes are formed from light weight plastic
straws. During the past year we have carried out a large number of tests on 4 mm diameter

cells and constructed several prototype chambers. Although more work needs to be done,
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these tests and prototypes all indicated that a viable tracking system for the SDC detector
can be built using straw chambers. We have proposed that the basic building block of
the wire drift chamber system be the module. It would contain approximately 236 straw
drift chamber cells. Our study of the tracking system this year has covered the details of the

straw drift cell, design of structural modules, and the support structure for the entir

tracking system.
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pum thick and an aluminized polycarbonate film inner layer. We have been using
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straws manufactured by Precision Paper Tubes, Wheeling, Ill. The tubes are 4 mm in
diameter with a 37 um wall thickness. The standard aluminized coating is 1000 A in



Straw Drift Time

The time between crossings at the SSC will be about 16 ns. For the high rate
regions of the tracking system occupancy considerations dictate that the drift time for the
for the cell be not much more than 16 ns. Most drift chamber gases have drift velocities less
than 50 um/ns, but a few are in the range of 100 pm/ns. With these fast gases the drift cell
cannot be more than 2 mm in radius in these high rate regions. Using a small 6 cell
chamber with a length of 20 cm, we have measured drift times for a number of drift
chamber gases. Several are shown in Fig. II-2. The best gas we have studied is CF4 -
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isobutane(20%)".
Straw Efficiency

The efficiency for cosmic rays has been studied in a small 6 straw chamber for
several gases and preamplifier thresholds. The basic efficiency of the straw chamber
should be limited by the ionization cluster statistics in the drift chamber gas. The efficiency
is, of course, also a function of the preamplifier threshold which is in turn limited by
environmental and electronic noise. Our preliminary study! did not use the low threshold
preamplifiers we intend to use for SDC, but it indicated that the CF4-isobutane mixture was
fully efficient for voltages above 1900 V. These efficiency plots are shown in Fig. II-3.
With the acquisition of the low threshold preamps and the final printed circuit boards,
these must be repeated.

Straw Spatial Resolution
The spatial resolution for the 6 straw system has also been measured with a number

of different gases using cosmic rays. The results for CF4-isobutane are very encouraging.
Our initial measurements! show an intrinsic resolution of about 100 um.

Straw Gas Gain

We have measured the gain of the drift chamber for 4 mm straws with a 25 um
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One of the potcnual roblems with a long straw system is the attenuation of the

vlindrical transmission line to the electronics at one end of the
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the cathode and wire resistance. The resistance of the

cathode and wire are bc;h ubcut 100 ohms/ meter. We have measured this attenuation by

constructing a 3.5 meter six straw drift chamber. The attenuation was measured 3 using an
Fe35 source position at various distances from the electronics at one end, and directly
measuring the pulse height. The reflected pulse from the unterminated end was also
observed and measured. We verified that it could be eliminated by terminating with the
characteristic impedance of the transmission line, 350 ohms. The attenuation that was

4 meter attenuation lpngth We would like this to be as long
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as possible in order to reduce the dynamic range of the signal and the possibility of
dependent resolution functions. This attenuation length can be increased by
decreasing the cathode resistance and the wire resistance. We have purchased some Kapton
film with 2500 A aluminum coating deposited. This has 1/4 of the resistance of the
polycarbonate film. The wire resistance can be reduced by increasing the wire diameter.4
We intend to pursue this promising straw and wire variation in tests during the coming
year.

Straw Stability

The construction of a long straw drift chamber requires that the sense wire be
positioned accurately along the axis of the cylindrical cathode. We have investigated the
stability requirements for this geometry.5 The result of this study shows that with a 50
gram tension a 25 um diameter sense wire should be electrostaticaily stable in a 4 mm
diameter straw at 2500 V if the support points are about 1 meter apart.. This is quite

critically dependent on the alignment of the wire in the straw. We will need to keep the
straw and wire coaxial to better than 100 pum. We have desi gned several wire support

systems.® The support system we will be using in the future construction of straw modules

is referred to as the "double v" shown in Fig. 1I-5. It is assembled by snapping together
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odule Construction

We have built several prototype straw drift chambers this year. They have given us

J sy 2ua

~a smas PUppIS IO

valuable experience in designing a straw drift chamber module that could be scaled up
easily to 236 straws and 4 meters in length. There are two aspects of the design that are
critical. One is the outer shell of the module and the other is the endplate. The outer shell
hold the straws rigidly in position close packed, maintains the alignment along the length of
the module and takes the compressional load of the wire tension which is about 12 kg
force. We have had several short shells made by Composite Horizons, Duncanville, Ca.

The dimensions of the shell are shown in Fig. II-6. These were made with 4 layers of 2.5
mil prepreg carbon fiber tape. We have measured the short module and found it to be
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tested with the 30 cm composite shells. (We are now beginning the tooling for a 1 meter
long mandrel for production of several longer shelis.)

We have also made progress on the endplate design. Fig. II-7 shows a detail of the
end of a module. In the present design the straws and wire supports will be premounted in
the shell. The wire supports will be attached inside the straws and at each end of the straw.
At either end the wire supports will be coated with a conducting paint that will contact the
inner cathode as well as the neighboring supports, carrying the cathode ground connection
out to the inner shell. The shell will clamp the straws and wire supports in a closed packed
geometry. The endplate will be inserted into the shell but will not touch the wire supports.
The sense wires will be tensioned by solder clips in the endplate. The endplate acts as one
side of a gas manifold.The drift chamber gas enters each straw through the same hole that

holds the solder clip. The other side of the gas manifold is a plate that contains feed through
for the signals, These extend through the gas manifold and make contact with the solder
clips. The printed circuit board for the electronics is attached to the feed through plate. This
construction results in a very short end section on each module and a very low mass

connection. Our goal is to keep this material to a few percent of a radiation length.



with its associated amplifier/discriminators borrowed from SLAC. The beam pipe aperture
is about seven inches in diameter. It provides six layers above and six below this space,
with well-understood resolution. At 90 um precision per point, the interpolated reference
trajectory will be established to about 30 pum.

This setup, with scintillators, high voltage, and gas supply is now working to the
extent of producing pulses into a FASTBUS TDC. The FASTBUS station itself is being
assembled in our lab from other funding sources. The last of the hardware has just arrived,
and we have begun programming the data acquisition and transporting track reconstruction
code from the SLAC computer.

Los Alamos National Laboratory

The FY 1990 effort was initially oriented toward the development of alternative
straw modules. This effort was to have included investigating such cathode structures as:
“cold formed" half hex sheets, which would be stack bonded; precision made expanded
core honeycomb; filament wound straw tubes; and film wound straw tubes. Upon.
investigation it was determined that the cost of manufacture for any of these methods
exceeded the cost of the conventionally produced straw tubes, typical of a paper drinking
straw.

This existing process uses substantially more prevision and the most advanced
materials available. Although this production process may not meet all the initial design
expectations, the cost benefit of this approach is significant.

We were then requested to support other programmatic efforts including the design
of a resistive capacitor termination end cap, and to provide basic and finite element analysis
consultation on plastic and composite components. The progress of this effort is as
follows:

Resistive Capacitor Termination End Cap

We have proposed a resistor/capacitor end cap design, and will present the design



Plastic and Composite Component Consultation

We have provided consultation on the design, tooling, and manufacture on such
components as the: wire guide design variations; composite structural support; straw tube
material selection; composite straw tube cell; and wire termination clip.

Fabrication and Tooling Support

We have consulted with L.U. and Composite Horizons personnel regarding all
phases of manufacture for the composite straw tube cell. We have also agreed to fabricate
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During the past year, work has proceeded in several areas leading to interesting and
significant results:

1. Investigations of radiation-hard properties of CF4-based gases.
2. Accelerated aging tests using a variety of gases and wires, using

straw tubes and conventional (three-eights inch diameter) proportional
tubes.

w

. Studies of the plasma chemistry of avalanche processes in various gases.

4. Measurements of the effects of Freons, and especially Freon 11,
on wire chambers using an argon/ethane or dimethyl ether gases, leading

5. Measurements of the effect of avalanche-generated heat on the gain in

straw mihes was measured, It wace found that heat is carried awav
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efficiently (and almost entirely) by radial conduction. This observation



Inhibition of Wire Aging Using CF4

The gas mixture CFs/isobutane (80/20) recently has been established as a very
radiation-hard gas for wire chamber use (see Appendix ). Itis also expected to have good
spatial resolution and large drift velocity, both desirable properties for use at SSC.
Experimental tests of these latter properties are in preparation. 4

A series of aging tests on CF4 gas mixtures strongly suggests the validity of the
Yasuda model of competitive ablation and polymerization (CAP). In this model thereis a
steady-state balance between polymer etching and deposition. Support for this model was
found in the following tests using the CF4/isobutane (80/20) gas: (1) the aging rate is very
low (<2%/C/cm); (2) an anode wire which has been "aged" (coated with silicon polymer)
by operating with argon/ethane gas bubbled through silicone oil is subsequently restored to
full gain by operating with the CF4 mixture (Appendix ) which "etches” off the coating; (3)
a similar test, but replacing the CF4 mixture with argon/ethane or dimethyl either did not
restore gain by etching off deposits; (4) bubbling the CF4 mixture through silicon oil
resulting in a very low aging rate (3%/C/cm), a procedure which has been used to prepare a
"coated” wire using argon/ethane ( 200%/C/cm). Tests with other gas mixtures containing
CF4 are underway (e.g., CF4/DME). Since CF4 is somewhat expensive, it is desirable to
find a mixture with a smaller CF4 component, but still with good aging properties, and yet
maintaining the good spatial resolution and high drift velocity. It would also be desirable to
find a mixture which is non-flammable and contained no hydrogen (such as in isobutane)
so as to avoid noise resulting from collisions with neutrons inside the SSC detector.

Accelerated Aging Tests

A wide variety of gases, including the CFa/isobutane mixture discussed above and
dimethyl ether (DME), has been tested over a period of two to three years and recently the
results were published in the IEEE Nuclear Science Symposium Proceedings. Pure DME
was found to cause very small aging (<10%/C/cm) with the resistive wires Stablohm and
Nicotin, a result in contradiction with published results (more below on aging in DME).
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consists of a gas chromatograph to separate the constituents, and a mass spectrometer to
identify them. A cryotrap, which can be set to any temperature between ambient and the
liquid nitrogen boiling point, is used to concentrate the sample over some time interval
(typically ten minutes). The observed signals are quite strong, with excellent
signal/background. A permeation device is used to introduce trace components to the gases
under test to understand their effects upon the observed molecular species, and upon the
aging rate. Among many interesting results found is a large shift downwards in the
average molecular weight of the species that are observed when water vapor or oxygen is
present even at low concentrations. We believe this has an important bearing on wire
aging, since the heavier species are more likely to deposit on wires (they are less volatile).
This effect is similar to the observation in "classical” plasma chemistry ( 1 Torr pressure, rf
discharge) where polymer growth is inhibited by oxygen (or oxygen-containing
molecules).

Effects of Freons on Aging.

It has been thought for some time that Freons (i.e., chlorofluorocarbons) are
powerful agents for inducing aging, especially Freon 11 (CFC13) in DME, where 1 ppm
was thought to be significant. Our recent tests show that Freon 11 has virtually no effect
upon permanent gain loss in either DME or argon/ethane, though there is some loss in
pulse-height resolution. It is further shown, by direct measurement and by calculation
(which agree), that the decrease in gain when DME is used can be directly attributed to
Rayleigh ("fractional”) distillation of DME and Freon 11 within the gas supply cylinder.

Gas Avalanche Heating Effects

A concern for use of wire chambers at the SSC has been the effect upon avalanche
gain due to the local temperature rise due to the relatively large avalanche heating anticipated
at the SSC. Naive calculations, assuming laminar flow and heat transported via the heat
capacity of the gas predict a temperature rise of thousands of degrees, and only with
thorough heat mixing inside straw tubes and very high gas velocities (several cm/sec) are
temperature variations kept within acceptable limits. In a set of measurements using a



measurements of temperature rise. This threefold agreement also was valid over a range of
power input, and the temperature rise in the most severe SSC environment is only expected
to be 0.1°C per straw tube, which is more than an order of magnitude below a reasonable
limit. This observation should avoid the necessity for high flow rates in straw tubes,
which wiil simplify considerably the design of the gas system.

Princeton University

We outline the major items of work at Princeton on R&D for straw tube tracking -
during the past year. The $135K allocated for this by the DOE SSC Division has not yet
been received at Princeton. The work accomplished has been supported by funds from the
DOE HEP Division, and by redirection of funds from the DOE SSC Division that were
allocated for Generic R&D on Silicon Drift Chambers.

The physics motivation for our work on straw-tube tracking has been described in

¢ Bottom Collider Detector Expression of Interest (EOCI0008, May 25, 1990).

Preliminary reports of our work have been presented at the Workshop on Major SSC
Detectors (Tucson, Feb. 19-23, 1990),7 at the IISSC Industrial Symposium (Miami, Mar.
14-16, 1990,8 and at the International Conference on Advanced Technology and Particle
Physics (Como, Italy, June 11-15, 1990).9

1. Purchase of 3000 sets of Ultem feedthroughs, brass taper pins, and aluminum
collars for 7-mm-diameter straws, according to designs from an Ohio State U.10
2. Winding of 4 sets of straw tubes ($1500 total) by Stone Industrial for prototype
tests. '
. Purchase of Makrofol conducting polycarbonate foil, 0.5-mil thick. An attempt
to copperize this failed. It can be aluminized to about 1 ohm per square by
Sheldahl - this is the standard cathode material in use.

4. Purchase of conducting Kapton foil, 0.85-mil thick. Kapton can be copperized.
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8. Purchase of a set of 25 mandrels that can be inserted into straws during glueing.
9. Purchase of a N2-driven glueing apparatus.

10. Assembly of a 21-tube prototype (along with M. Convery and D. Marlow of
Princeton University), using the mandrels and glueing apparatus of items 9 and
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merge from the Front-End Electronics Subsystem R&D are not yet available
in sufficient quantity).

12. Construction of two kinds of wire-tension monitors. Results from these have

13. Pressure tests of straws, showing that the straws can hold 10 atmospheres.
14. Creep tests of straws, showing that a 2-m-long straw subject to a 1-lb wcxght
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and contracting of about 10 mils during temperature shifts of 10°F (as expected
from the known thermal expansion coefficient).
15. Demonstraﬁon that straws could be pressurized during assembly, as an
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16. Design of an assembly fixture for 8-layer superlayers using grooved vacuum
pads.

17. Design of a coaxial straw end-plug that incorporates gas and hi
distribution, signal transmission, h
capacitors have been obtained for this.

18. Study of the wire instability in long straws, showing the effect of a wire

wire u:uawumg Custom nign-v
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offset and of deformations in the straw.

19. Construction of several prototype straws for studies of gas gain and drift

timing. Some modules can be nreesunzed_

20. Development of a technique using a 0.3-ns N2 laser pulse to eject single
electrons from the cathode wall of a straw.

e
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atmosphere) is 50 pm resolution in Ar/CO2(50/50) and CF4/Isobutane
(85/15) mixtures.

23. Comparison of amplifier performance between the LeCroy TR402 amplifier
and the U. Penn straw-tube amplifier. The latter is measured to have about
1300 electron equivalent noise (15 times better than LeCroy), while
contributing less than 0.5 ns to the timing uncertainty.

24. Development of a model of straw-tube response including characterization of
the avalanche, electrical performance of the tube, and of the amplifier
(with M. Lundin of Fermilab). This permits extrapolations of measurements
with the N7 laser to wider regimes.

25. Construction of a precision gas-mixing systemn, with control of both flow
and pressure.

26. Initial development of a gas-analysis capability based on gas chromatography.

27. Simulation of overall system performance in the SSC environment (with

L. Stutte of Fermilab).
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Fig. II-1 The central tracking system for the SDC. This drawing shows the positions of
the silicon tracking system near the beam pipe, the straw drift tubes at larger

radii, and the intermediate tracking system.
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SHELL DIMENS{ON ANALYSIS AT SUPPORT STATION

Spocer diometer: . 1580
Conductive paint, 2x0.0005: .0010
2x str.woll; .0028
Spocer dic. compressed: -.0002
Pocked diometer,D: . 1596
Shelt width, (7,062xD) 1.1271
Short diog. (8xD)= . 1.2768
tong diag. (13.124x0) = 2.0945

Limit of end-plates
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Locations for the 64 straws

Fig. II-6 Details of a 64 swaw module shell showing the position of the straws in the
completed shell.
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Fig. II-7 Design of the end plate for a 64 straw module. In this two part design the wire
tension is held by one section and the electronics attached with a "pogo stick"



III. INTERMEDIATE ANGLE TRACKING R&D

Introduction

Part of our 1990 proposal included justification for development of techniques for a
gaseous charged track detector to cover the non-central, intermediate, rapidity range 1.4 <
Inl < 2.4 of a hadron supercollider experiment. Coverage of this rapidity range is extremely
important for the best possible acceptance for new physics, and it is not easily accessible
with sense wires oriented as in a conventional central track detector; i.e, parallel to the beam
axis. Called the Intermediate Track Detector (ITD), it would possibly also include
enhanced electron identification by means of simultaneous detection of transition radiation
(TR) X-rays.

In January 1990 the groups who are more immediately concerned with this part of
the our proposal and who have relevant experience, namely from the H1 (University of
Liverpool) and Zeus (University of Glasgow, Rutherford Appleton Laboratory - RAL)
experiments at HERA, undertook to commence work in preparation for the design of a
such a detector using a small part of the funding awarded to the subsystem. In February
1990 requests to the UK SERC by both the Glasgow and the Liverpool groups were
approved for funding from October 1990 for detector R&D work concerned with
developments specifically for hadron supercollider ITDs. In July 1990 the RAL group
requested and were granted support for the project from funds available internally at the
laboratory which are earmarked for development.

Since January 1990 three major activities have begun about which progress is
reported here. First, using test chambers already constructed for developments in
preparation for the Zeus experiment at HERA, a program of measurements of fast drift
chamber gases in crossed electric and magnetic fields is underway. Second, using
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TD at HERA which is now being installed. It
he

) 3
operates in 2 uniform magen onetic ﬁpldu with establis drift chamber gas mixtures (dnft

uniform magnetic field shed
velocity 30 to 50 pm ns-! and Lorentz angles 25 degrees). The uniformity of the
solenoidal field (1.2 T) is fully exploited by employing radial wire drift chambers for
optimized track pattern recognition, the best possible momentum resolution, and effective

track tripoering. The remainine space point ambicuities are resolved with modules of
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"planar” sense wires following familiar "x-u-v" onentationsu. The high bunch crossing
rate at HERA (96 ns) is monitored using fast multi-wire proportional chambers with pad
read-out within a bunch crossing interval. Obviously the experience which is gained with

tha 1 T'TT) in tha navt ftwyn vanee nan ha avnantad ta hava a maiar inflhvancra An tha Aacion
Wivw X141 1 34/ LML UIV IIVAL LWV walio vaill Ve UAy\i\f‘w WilldvYe Q 1114V llilluviive Vil LIy Uwol il
of the SDC ITD.
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which have justified their use in the H1 experiment at HERA. Those of relevance to SDC

are listed:

1. The timing measurement from the transverse drift always measures track sagitta,
even in the presence of substantial Lorentz angle, so that the most accurate
co-ordinate measurement coincides always with track sagitta in the (r-¢) bending
plane, thereby optimizing momentum resolution;

2. The pairing of sense wires by connecting each with a corresponding partner in a
wedge at roughly 90 degrees yields from current division a measure of the radial
co-ordinate (r) of clean hits and thus provides track space points without any
increase in the number of read-out channels;

3. In a uniform solenoidal magnetic field, track pattern re

as tracks are straight lines in the ¢-z plane;

cognition is greatly eased
o 7 = v o ased
4. Drift cell aperture increases linearly from the inner radius and is thus matched to
greater hit muitiplicity at smalier radii.
As a result:
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3. In a uniform solenoidal magnetic field, the simple r
measured space point co-ordinates (r.¢ and r) and track momentu

Z?

event vertex; namely,

¢ = ¢eBz/2P, + constant

and
r= 2 Py/eB sin [ eBz/2P; ],
makes for a conceptually realizable track trigger.

The above advantages have greater signific

Our presently favoured ITD configuration Fig. III-1, which is still being evaluated,

consists of 6 to 8 "supermodules” per ITD, each consisting of (possibly in downstream
order):

A “crossing tagger” consisting of three differently oriented planes of fast MWPC
capable of giving a strip signal within at best 1 and at worst 3 or 4 bunch crossings and
with a wire and strip spacing of about the 2-track resolution of the radial wire drift chamber

(3 below), followed by

Adequate length of transition radiator to guarantee (99% confidence) at least one
detectable TR X-ray photon per electron (positron) at 300 GeV/c in

An eight sense wire depth (in z) radial drift chamber with coupled sense wires {(in
different wedges) read out at the outer radius; the wedge dimension (inner maximum drift
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length 5.2 mm, outer 15.7 mm) is as large onsidered operationally feasibie in the SSC
interaction region environment (see bclow) and leads to 300 wedge shaped cells per
supermodule.

The fast signals from the MWPC planes facilitate the resolution of spatial and
temporal ambiguities in the radial wire drift chambers. Strips are read out into updating
discriminator latches clocked by bunch crossing number. The strip structure extends in r

(approximately) and is coincident with the isochrones in the radial chambers. Thus the
straightforward identification of track vector segments in a radial chamber can be



ambiguities involves a tolerable number of read-out channels. Per supermodule there are
2400 drift chamber sense wires with associated ASIC read-out for both time and pulse
profile plus 3 planes of 1500 strips of digital (single bit on/off) channels, possibly with a
time depth of S bunch crossings. With 6 to 8 supermodules for each (+z) ITD this amounts
to < 19200 drift wire channels and < 36000 single bit on/off MWPC latches for up to §
bunch crossings (total < 180000 bits) per ITD.

Work is in progress to evaluate the performance of such a layout at the SDC

experiment. The momentum resolution of of a system traversing the full ITD in a constant
ax 1al _]dnf‘lgTe ol na tn ha
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op/p? = 0.18% GeV-1 - no vertex op/p? =0.025% GeV-1 - with vertex.

As expected it is important for full exploitation of the available /B.dl of a solenoid
and for the best possible resolution of track point ambiguity to include track points from an
inner track detector (in SDC a silicon detector). The canonical charge determination on a 1
TeV track is then achieved.

Simulation of a conservative system consisting of supermodules with a radial wire
chamber and a crossing tagger based on "conventional" MWPC planes with hit ionization
clearing time of 3 bunch crossings is under way. At an SSC luminosity of 1033 cm-1 s-1
first results are encouraging. The nature of the problem is summarized in Fig. III-2 with the
example of the beam's eye view of a Higgs production event in which are shown a) Higgs
event charged particle hits in a radial wire plane available to be found after losses due to
overlap (they amount to never more than 10%), and b) all radial wire hits read out in the
same radial wire plane irrespective of their origin, namely Higgs event or minimum bias
background. When the hits read out are checked against the crossing tagger information
and only those verified as being consistent with the trigger bunch crossing (to within a
conservative timing precision of 3 bunch crossings) are kept, then the elimination of out of
time hits is almost complete. Fig. ITI-2c) shows the result for the sample event already
shown. Fig. I1I-3 summarizes the improvement with the crossing tagger: from 500 fully



the scatter plots of hit bunch crossing against drift time are shown before and after crossing
tagger verification. It seems therefore that:

1. The background rrﬁnimum bias hit multiplicity at the ITD does not eliminate
many hits from typical Higgs trigger events

2. A crossing tagger with a hit dead time of 3 bunch crossings is capable of
eliminating most out of time hits.

This work is continuing to include a full simulation of the ITD including backgrounds due
to photon conversion and charged particle knock-on.

Radial Wire Chambers R&D

At SDC the implementation of such a transverse radial wire array as the basis for an
ITD poses many difficult technical problems which have yet to be fully addressed. They
derive from the requirement of nearly a factor 10 increase in the number of wedge shaped
drift cells so as to ensure that sense wire current draw and hit occupancy is kept at tolerable
levels in the high ambient rate of an SSC interaction region. Some considerations are:
1. A low mass wire fixation technique especially at the inner radius of the detector
2. Low mass and low volume cathode planes with correct resistivity for necessary
voltage gradients
3. A means of handling Joule heating in cathode planes which must carry
‘'substantial current when operating in a high rate SSC environment
4. Sense wire spacing of at most the maximum drift length (= S mm) for
meaningful isochronicity '
5. If used with a fast gas, drift cell operation with Lorentz angles which are
substantially larger than hitherto
6. Need for additional wire orientation or pad read-out to remove the ambiguity of
charge division measurement of the other co-ordinate and to improve its accuracy
7. Use everywhere of radiation resistant materials.

The above difficulties led us initiallv to consider alternative wire geometries.



construction in which we shall investigate the feasibility of both mechanical construction
and operation of small drift cells of suitable dimension. The high density of wires requires
a low mass low volume solution for wire fixation. We are using stainless steel wire, which
is believed to be less susceptible to ageing problems in a wider variety of gas mixtures than
presently used resistive wires such as Stablohm. The wires will be crimped in stainless
steel hypodermic needles following DO and CDF for tensioning and positioning in one
coordinate. A comb system is being manufactured for the other co-ordinate. New "High-
density D-subminiature” connectors will form the basis of delivering graded HV and
bringing out sense signals because they contribute the minimum possible material content -
other than support plastic and very low mass hollow pins. We are investigating with
industry the possibility of manufacturing thin cathode planes with the required resistivity
using thin (radiation resistant!) semiconductor films.

TABLE 1
Essential operating characteristics and environment of a radial
sense wire in the SDC ITD

Machine luminosity 1033 cm2 571

Bunch crossing interval 15ns

<Nr of events> / bunch crossing (Gyor = 130mb)  1.95

<Charged particle multiplicity / event> 6/2x (unit rapidity)-! rad-1
Maximum drift length at inner radius 50 cm 5.2 mm

Maximum drift length at outer radius 150 cm 15.7 mm

Total ion pairs per m.i.p. at normal incidence¥ 50

Slope of In(gas gain) v surface fieldt 0.705x 106 m V-1
Positive ion mobility+ 17x 104 m2 51 v-1
Sense wire diameter 20 um

Sense wire surface field 260 kV cmr!

Sense wire position along beam (z) 300 cm

Sense wire pseudo-rapidity (h) bite 144</m/<2.49
Sense wire gas gain 2x104

<Current> / sense wire 0.45 uA
<Occupancy> per sense wire (vdrift = 100 um ns-1) 0.26 (c f simulation)
Maximum sense wire hit rate (r = 50 cm) 51 kHz cm-1

Maximum sense wire irradn (r = 50 cm, 107 s y~1) 0.08 Ccm-1 y-1



Each radial chamber, and thus the first prototype under construction, will include an
X-ray transparent upstream window for efficient TR detection on any of the chamber
wires. As in H1 the electrostatic field cage will be closed with low mass low Z materials in
a configuration which guarantees the best possible uniformities of timing response for
spatial precision, and of gas avalanche gain for pulse integral analysis, together with the
best possible ionization collection efficiency for useful X-ray detection. In particular only
after successful operation of the H1 FTD in the HERA environment will the rate capability
(both signal and background) of the radial chambers and their novel features for
simultaneous electron identification by means of TR X-ray detection be finally established.

Calculations of such radial wires in nominal position as per the layout in the SDC
Eol!3 are summarized in Table 1. With 300 wedged shaped drift cells of maximum drift
length 5.2 mm at the inner radius of 50 cm and 15.7 mm at the outer radius of 150 cm, the
current draw remains below 0.5 pA per sense wire for an acceptable gas gain, the chamber
lifetime seems acceptable, and calculations of the more obvious effects of space charge do

seem prohibitive. The coupled sense wire occupancy is high but the simulations above

Vl

not

already indicate that it may not be prohibitive with the inclusion of a crossing tagger.

The feasibility of such drift cells can only be established after successful operation
of the prototype chamber now under construction. If efficient X-ray detection efficiency is
to be established with no ionization losses on field (potential) wires, then Fig. III-5 shows
that it may be necessary to operate with a somewhat greater drift field than usual (Egrif =
1.8 kV cmrl, sense wire surface field Egyrface = 260 kV cm-1, wire diameter = 20 pm) for
adequate gas gain. This may also be desirable if we are to work with a fast gas and
manageable Lorentz angle (see section below).

Crossing Taggers

As discussed above the crossing tagger is a set of planes of gaseous proportional
detector with cathode strip read-out. Whether we employ wires or knife edge or micron

dimension anode strins (lithosranhicallv manufactured) for gas avalanching is as vet



ITD supermodule, the MWPCs in the ITD would then also enhance significantly the multi-
track reconstruction precision.

Table 2 summarizes the performance of the longest of such "wires", which is
tangential to the ITD inner radius of 50 cm, for the conservative lay out of 2 mm pitch used
in the simulations discussed above.There seems to be absolutely no reason for concern
over operational feasibility of otherwise working proportional planes of such dimension in
the SSC environment.

No development work has commenced yet on the development of fast MWPCs for
an ITD.

TABLE 2
Essential operating characteristics and environment of the longest
MWPC sense wire in the SDC ITD.

Machine luminosity 1033 cm-2 571

Bunch crossing interval 15 ns

<Nr events> / bunch crossing (G = 130 mb) 1.95

<Charged particle multiplicity / event> 6/2 (unit rapidity)-! rad-
Maximum drift length (parallel to magnetic field) @2 mm

Sense wire pitch 2 mm

Total ion pairs per m.i.p. at normal incidencet 20

Slope of In(gas gain) v surface field 0.705 x 106 m V-1
Positive ion mobilityt 17x104m2s1 -1
Sense wire diameter 20 um

Sense wire surface field 260 kV cmr!

Sense wire position along beam (z) 300 cm

Minimum radial distance of sense wire 50 cm

Length of sense wire . 100 cm

Sense wire gas gain 2x 104

<Current> / sense wire 0.015 uA
<Occupancy> / sense wire (Vgrift = S0 pm ns-1) 0.009

Maximum sense wue hit rate (r = 50 cm) 2 kHz cm-!
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Fast Gas Measurements

Given that suitably fast read-out electronics can be developed so that space point
precision can be maintained at ~100 pm, it is advantageous (see section above) for gaseous
drift chambers in the SDC ITD to have large drift velocity (> ~100 pm ns-1) so that drift
cell occupancy is tolerable. Because the drift electric field in the ITD is perpendicular to the
(constant) solenoidal field of SDC, ionization drift is at an angle to the former, the so called
Lorentz angle, which for a fast gas is likely to be substantial. Therefore for ITD wires
strung in planes transverse to the beam axis (and the magnetic field direction), in'espectivc'
of their particular orientation, measi urements of both the drift velocity and the Lorentz angle

ok ma e alta VadWaislnailla L2220 U USRS i

are essential if a realistic design of wire layout for an ITD is to be made.

A multi-wire drift cell designed and constructed specifically for this purpose is
being used to measure drift velocity and Lorentz angle. The chamber follows closely the
design of Atac et al .16 Drift time in a constant electric drift field is measured over
perpendicular distances of a 16, 32 or 48 mm from a sense wire, and drift direction is
measured using the known position of irradiation by a collimated Sr%0 source (B end-point
energies 0.55 MeV S1%, 2.23 MeV Y90) and the position of gas avalanche along the sense
wire by means of the induced signal on adjacent cathode strips. The chamber itself is
operated in the uniform magnetic field of a C-magnet (B < 2T) with the plane of ionization

drift and sense wire perpendicular to the magnetic field direction.

The test chamber has been operated successfully in Ar-CF4 mixtures with to date no
evidence that prohibitively large sense wire surface fields or extreme drift fields are
necessary for acceptable operation of the chamber. Therefore acceptable ranges of gas
avalanche gains and suitable drift velocities are possible in a substantial crossed magnetic

field with gas mixtures which include large proportions of electronegative CFa quencher.
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The effects of CF4 on materials used in chamber construction are also emerging; for

example we have observed significant shrinkage of epoxy-glass support columns after a
couple of months of test operation.



after further study. In finite applied magnetic fields where our measurements are unique,
there is however a substantial systematic discrepancy between the measured Lorentz angle
and the calculated prediction. These calculations involving CF4 are new so the discrepancy
in Lorentz angle should not yet be regarded as established.

It is already clear however that the use of CF4 as a major component of drift
chamber gas for the purpose of increasing ionization drift velocity to at least 100 pm ns-1is
confirmed and for the first time demonstrated in substantial crossed magnetic field.
Nevertheless its use in a magnetic field of ~1.8 T (likely in SDC) with a suitable drift
electric field may involve Lorentz angles substantially greater than 45° unless the chamber
can be operated with a high drift field 2 1.8 kV cm'l. As mentioned above this may
anyway be necessary if adequate sense wire surface field for acceptable gas gain is to be
obtained.

A major problem associated with the use of CF4 is the chemical effect it has on
materials familiar to us in the construction of low mass drift chambers, ¢ g epoxy based
composites. As mentioned above we have already observed prohibitive shrinkage of
epoxy-glass based material. We are therefore now carrying out measurements of mixtures
with N20, which on paper looks also to be suitable for drift velocities of 100 um ns-1, as
quencher while we prepare a new prototype using CF4 resistant materials. To date it is not
yet clear that we can achieve adequate avalanche gas gain in the externally applied magnetic
field.

Electronics

To date all our work has involved the use of read-out electronics used in our HERA
experiments, namely preamplifiers and 100 MHz FADCs. Developments of future read-out
electronics and associated data reduction systems will commence as we gain understanding
of the nature of the signals from our smaller SSC size drift cells.
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schematic - not to scale

Fig. ITI-1. A proposed ITD layout in SDC; the space for the ITD is taken from the SDC
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where a good radial wire drift chamber hit is not lost due to the proximity of any
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IV. ENGINEERING

National Laboratory

Westinghouse Science and Technology Center

Summary

Westinghouse is in the process of completing the first phase of a preliminary
conceptual design, evaluation, and analysis of the feasibility of building a modular type
straw tube central tracker for use in the Superconducting Super Collider at the SSC
Laboratory. The following list summarizes the status, results, and conclusions of that
work:

1. A specification describing and documenting the system has been written.
2. Concept layouts of the following have been developed:

a) Several conceptual versions of the tracker

b) Several module cross sectional geometries

¢) Fabrication and assemblies for modules and support structures

d) Proposed alignment equipment and methods for obtaining
required alignments

e) Module design and fabrication for needed automation

3. Module sizing and spacing geometrical calculations have been done.

4. Conceptual evaluation indicated that for several reasons, including potential for
automation fabrication and assembly, ability to accommodate maintenance and
repair, and potential for good alignment, the design is very attractive.

A module based central tracker using straw tube technology would have advantages
such as simplicity, stability and repairability. With respect to mechanical engineering

decion 1cenee ecancentiial feacihilitv hae heen demanctrated hnt manv crancrentital and



ultimately be a subsystem of an overall detector for use in the Superconducting Super
Collider at the SSC Laboratory near Dallas, Texas.

Figures and supporting documents referred to in this report are but a few of the
many generated during the course of the study. These attached documents are intended to
be representative. To prevent this report from becoming burdensome the majority of the
balance of the material in the form of an approximately 100 page hard copy viewgraph
presentation is attached but is only a reference document with respect to this report.

Functional Design Requirements Specification

A specification describing and documenting the system was drafted and revised
twice. This document is a "living document” that requires periodic revisions as the
conceptual design process evolves. The specification contains a general description,
guiding physics principles and other design considerations. Firm numbers and
requirements are defined in the component constant and design limit sections of the
specification.

Materials

Material requirements for inactive or structural components in detectors from the
engineering sense are very restrictive. The support structure materials must be of minimum
material (infinitely thin) but of maximum stiffness (infinitely stiff). These are conflicting
requirements, of course, and a compromise is required. Additional material requirements
require stability (minimum creep) and resistance to radiation (radiation hard). Beryllium is
the best known material to satisfy the above requirements, but because it is costly and
difficult to work with, graphite fiber composites have been selected.

Concept

The concept for this tracker has a basic building block called 2 module. A module
consists of eight layers of 4 mm diameter straws, approximately 32 straws wide .
surrounded by a rectangular shaped shell of graphite composite of 10 mil thick wall.
These nominal 130 bv 28 millimeter modules of rouchlv 3 meters lone are arraneced in eicht



Conceptual evaluation indicates that for several reasons including potential for
automatic fabrication and assembly, ability to accommodate maintenance and repair, and

potential for good alignment, the design is very attractive.
Assembly

The assembly sequence developed here describes the support structure
methodology. This methodology dictates that to get good quality micron type long term
alignment requires: 1) structural stability by using an absolute minimum number of
mechanical joints and thus forming a monolithic support structure with glue joints between
graphite composite components, and 2) elimination of tolerance buildup between
components by a one step final alignment on the fully assembled support structure in its
fully simulated in-service gravity loaded support environment. This strategy is not only
needed, it reduces costs by requiring precise registration of components only at the module-
structure interface referenced to the overall support points.

Module and structural component fabrication (which can be done in parallel), the
assembly sequence, and required conceptual tooling is described chronologically in the
following paragraphs. The first parallel operation is to fabricate the module shells,
followed by assembly of the straws, wires, and electronics into the shells. The shells
would have previously been fitted with three key type attachments along the length where it

interfaces with the support structure. The keys are precisely located to the inside surface of
the module via precision and thus repeatable tooling.

In parallel to the module fabrication and assembly, the support structure cones and
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cylinders mandrels. None of these components, their assembly shown in
n

Figure IV-3, or the assembly of the two halves shown i
manufactured to tolerances for precise registration.

The support alignment shown in Figure IV-5 establishes the precision. The support
structure equipped with equivalent module temporary weights is mounted in a fixture that



Analysis

The analysis performed as part of this study has been limited to geometry studies
aimed at establishing a concept. Module shape issues such as rectangle versus trapezoids

versus parallelegr"ms chord versus arc inside and outside surfaces, stacked versus nested

straws, and equal versus unequal radial spacing are not addressed. Five candidate module
shapes have been studied. The nested trapezoid shown in Figure IV-7 is the most viable
candidate, because it is the most compatible with a good trigger while producing the most
stable shape. ‘

Several computer programs were written to study compatibility between superlayer
and missed hits. It is felt that at least a 3 millimeter gap between modules would be
required for the support structure. An interesting innovation of unequal radial spacing
between modules reduces the required spacing between modules for support structure can
be maintained while reducing the number of missed hits to zero.

The geometry study for stereo layers is in its infant stages. The unequal radial
spacing appears to render the design of the stereo layers less complicated.

More geometry analysis remains to be done which mainly includes a three
dimensional solid model. A finite element deflection analysis of the entire structure must
also be performed.

Oak Ridge National Laboratory

Indiana University 64 Straw Array Analyses

The structural TESponse of a prororyplcal 64 straw array module was analyzed, the
results of which are summarized herein and documented in MMES Report DM-017040-
001. It was assumed that pressure can be exerted on the straws and wire supports by either
of the followin g (a) by first warping the parallelogram shell, thereby increasing its volume,
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adding a .004-in. (.1 mm) shim all around the shell (between the shell and electrical
supports called M&M's).6

The same finite element model was used both for the analysis of deformation of the
M&M's as well as for the deformation of the straws in a plane remote from the plane of
electrical supports (M&M's). This was accomplished by using different properties for the
M&M's than for the straws.

It was found that the M&M's remain round and the deflections range from about:
1/3 of a mil (.001-in/3) in the center to .004-in. at the outside edges. No problem in
stresses were encountered.

The resulting deflections in the straws due to the equivalent .004-in shim all around
between straws and shells, caused the interior straws to become hexagonal as desired, but
the straws become pentagonal along edges and distort badly at the corners. It was
determined that there was little difference (.0005-in. maximum) in the deflection of the
straw sections centered by the M&M's and the straw sections remote from the M&M's.

It was found, however, that the membrane hoop stress, induced in the straws (-154
psi compression), far exceeded the buckling stress of -12.8 psi; thus, the straws would
buckle (become unstable). Because of tolerances and variable clearances, only a few of the
straws would buckle, resulting in only a few straws to distort, squirm, and to destroy the
symmetry.

Another FEA model was developed to examine a 1-G load response and the effect
of a 50 gram compression load induced by the sensor wire tensioning. The cross section
of the previous model was extruded 12-inches and appropriate end conditions were
applied. The results of the analysis show maximum deflections of 8.34 x 10-5 inches for
gravity loading and 2.26 x 104 inches for the 50 gram compression loads.

Conclusions drawn from these analyses are tentative, but since the deflections
should vary approximately to the fourth power of the length. it appears that the shell will
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V. FRONT END AND TRIGGERING ELECTRONICS

Institutions: University of Pennsylvania, KEK, University of Michigan,
University of Colorado

Introduction

During the past year the electronics effort has concentrated on developing a greater
understanding of the signal environment presented by a straw detector and translating that
understanding into optimized front end signal processing elements. In addition, we (Penn
and Colorado) have developed a conceptual model of a final SSC compatible mechanical
mounting and connecting scheme and have used the straw detector case as the model for a
comprehensive SSC front-end, DAQ and triggering architectural design. This section refers
to work specifically directed at the straw tracking detector subsystem; for further detail on
the overall electronics effort, the reader is referred to the report of the Front End Electronics
Subsystem (H.H. Williams spokesperson).

Electrical Modeling

A detailed lumped sum model of a straw has been developed20 and compared with
the measured properties of a series of idealized mechanical models and with the behavior of
actual straws measured at Indiana as described in Section II. The model seems to reliably
predict actual detector behavior, and this model has been incorporated into SPICE
simulations of various preamplifier configurations in order to sharpen our picture of the
entire system. As a result of this activity we have a much better idea of the importance of
far and near end termination and attenuation length in the straw environment.



exacts a compensating price in terms of additional attention required for board layout and
grounding and shielding (pointing out one of the potentially critical problems for a full
system design).
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The very long signal tail associated with the slow movement of positive ions away
from the straw anode would be a severe limit on the use of straw (or any other gas
ionization detectors) detectors in a high rate environment unless some tail compensation

c
compensation used on the AT&T single channel preamp has demonstrated excellent
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integrated design, however, it is difficult to control the time constant of the pole-zero
accurately enough as the inherent accuracy of integrated Rs and Cs is only about 30%.
Normally a circuit can be designed using ratios of Rs or ratios of Cs and thus achieve
reasonable accuracies. In this case, though, we must provide some means of trimming
either R or Cto achieve the desired accuracy.

While there are a variety of possibilities that have been investigated including laser

ctore fiicihle canacritare ar recictare and nraorammahla ruirreant canrrac tha
(v 13 o Wi vuruvlbvlo WA A WIADILWA Dy SIS l.llvbl CGAlASIALAA VAW WwilliWwiih B\Ju&\r\yo, Hiw

most likely solution to this problem seems to be the use of varactor diodes as
programmable capacitances. By changing the standing current through a given diode it is
possible to change the effective capacitance by more than the required £30% and suitable
diodes are compatible with most of the relevant bipolar integrated circuit processes.



of a variety of potential bipolar integrated circuit fabricators. While optimal designs vary

in detail, depending upon the particular process, all of the processes which have been
examined to date seem capable of producing a workable or even superb circuit.

The primary remaining difficulty in discriminator design is the selection of a method
of coupling the preamp-shaper signal into the discriminator. All preamp-shaper designs
exhibit significant D.C. offsets at their output due to process, ageing, and radiation effects.
A number of techniques are potentially able to compensate for the D.C. offsets:

1. Initial trim to zero - may drift with radiation or ageing.

2. Programmabie injection current - easy to implement but involves an additional

overhead at the system level (connections, etc.).

3. DC feedback - complex to implement but perhaps most attractive, to be examined

more in the coming year.

TVC/AMU

The last block in the straw readout system is the Time to Voltage Converter /
Analog Memory Unit. A one channel prototype containing most of the architectural
features needed in the final design has been fabricated in a 1.6 myt MOSIS CMOS process.
Tests of the prototype revealed a number of design errors which are now being corrected; a
revised prototype should be available in the Fall.

Packaging

A successful readout system must not only include optimized silicon, but must
connect the active electronic elements to the detector(s) and to the readout system in a high
circuit density, low mass (and low Z), high reliability fashion. A conceptual design has
been made (below) that meets the density requirements of the detector and seems to have
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- Time Memory Cell (TMC) has been designed?? at KEK and the wafer process was
finished in July 1990. The chip has 4 channels of circuits and records input signals in 1 ns
resolution for 1 microsecond period. Data are read out through encoding logic and does not
cause any deadtime. The process used was 0.8 pm Bi-CMOS process and has about 100k
transistors. The estimated power consumption for the 100 kHz trigger rate is only 7
mW/channel. The wafer is being tested and packaged chip will be available soon. Perhaps
this chip is the first chip which can be used under the SSC experiment condition. A

Triggering Electronics
First Prototype Synchronizers

The synchronizers are being developed at Michigan. The first prototype
synchronizer ASICs were delivered in May of 1990. They were tested for basic
functionality and found to match the CAD simulations very well. More elaborate tests were
developed and-are continuing to date. The first units contain a single version of the
synchronizer circuit with externally provided currents that provide the time scale. The units
contain all auto-reset features and include a programmable momentum restriction.

The test results are exhibited in the single most important feature of the circuit, its
timing accuracy. Since the circuit is to provide a pulse that appears a fixed time after the
particle passage independent of the location of the track within the drift cell, the timing
variation of the pulse is of critical importance. Our simulations, for example, assume 5 ns
coincidence for combinations of synchronizer circuits. It is important, therefore, that the
circuit deliver its pulse with jitter significantly less than the 5 ns coincidence. Figure V-1.
displays the timing variation for simulated tracks distributed within the tubes. The jitter is
less than 1 ns.



counter and a 100 ns cycle. For straw tubes a single cycle would be used. For large tubes
some multiple up to 1.5 s total time is possible.

Compound Trigger Simulations

Several schemes of compound triggers were studied in simulation. These
compound triggers included multiple synchronizers and various majority logic patterns.
The goal of such studies is the determination of which pattern provides for the greatest
efficiency in stiff track sensing while rejecting random coincidences of soft track
backgrounds. The most promising pattern found to date combines the 21 tubes of a 9
depth superlayer shown in Figure V-2a. This scheme is anchored on a single central tube
and includes all tubes hit by tracks that pass through the anchor tube with angles to the
normal of the layer less than £10°. The pattern makes use of 10 synchronizer circuits and a
32 pairwise AND-OR circuit. Since the synchronizer is relatively small in silicon area and
the AND-OR structure is exceptionally compact, one might expect to construct the full unit
on a single chip.

The simulation program attempts to answer the three basic questions, 1) What is the
efficiency of the resulting OR output as a function of the individual tube efficiencies, 2)
What is the false triggering rate for the system when subjected to a bath of hits from the
numerous soft tracks of the event and minimum bias events overlaid on the event, and 3)
What is the degradation of the overall efficiency for finding a stiff track due to the flood of
extraneous hits from soft tracks.

For the simulation work a 5 ns coincidence was used. Since most tracks pass
through 3 synchronizers and only 2 are required to satisfy the AND portion of the
compound trigger, we expect that the overall efficiency will exceed the individual tube
efficiency for high tube efficiencies. This is observed to be true in the plot of Figure V-2b.
The combination of soft track hits into a synchronizer output at the time appropriate for a
fast track output is relatively unlikely. The coincidence of two such events is further



same as in the previous plot. Again the cutoff for a good trigger is above the 25% mark.
Though a better compound trigger may be found, we have a good candidate in hand.

Interface Between Electronics and Straw Module

The Colorado group has completed an exercise to demonstrate in detail how the
front-end and digitizing electronics may be packed into the available space with
interconnections to the sense wires and to the data acquisition system. Fig. V-3 showsa -
layout to match a 228 tube trapezoidal straw module. Two multilayer boards, one bearing
the high voltage distribution, the other carrying the readout electronics, are bridged by
blocking capacitors. The readout circuitry comprises bipolar chips centered over the straw
groups of four that they serve, with TVC and data collection (DCC) chips on the panel
extension to the side. This work is closely coordinated with the chip design efforts at
Penn.

The circuit boards in this scheme are removable with the connections to the wires
maintained by compressible conducting rubber contacts. We have worked out also a
design for securing the wires, supplying gas and mechanically connecting the circuit
boards. Ideas in this area are shared back and forth with the Indiana group and others.

One of the issues that we have recognized in the course of this design work is the
importance of minimizing the material contained in the chamber end structures and
electronics. Substantial changes in our system design concept have been motivated by this
concern, and it has been helpful to have at this stage a reasonably detailed picture of this
part of the detector.

For more immediate application we have designed and are nearly ready to produce
connection boards to interface 64-cell Indiana prototype straw modules with commercial
preamplifier-discriminators (or any other non-integrated readout packages). These will
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VI. COMPUTER SIMULATION

Institutions: Indiana University, University of Colorado, Lawrence
Berkeley Laboratory

Introduction

Computer simulation work was centered on the areas of simulation of the detectors
themselves, evaluating the performance of the detectors, and pattern recognition and track
fitting studies. We use ISAJET to generate events and GEANT to simulate the detector.
Although members of this collaboration have had considerable experience simulating SSC
tracking, there have still been inefficiencies due to reorganization and startup of new
efforts. Most of this work was funded with DOE generic detector R&D or institutional
money.

Simulation at University of Colorado

Some considerable startup effort was required to learn how to build the CERN
program libraries from source code, chase bugs in unfamiliar code, etc. We now have the
ISAJET and GEANT packages working on both the VAX 8800 and on the DECstation
cluster (currently two DS3100's shared between this and the CLEO effort). We have
started with a drift chamber model developed by Hanson, Palounek, et al.

To get an accurate picture of the background for tracking we have set up to
superimpose minimum-bias events from nearby bunch crossings, and to convolute the
bunch structure, time of flight, propagation and drift time delays to see just what
background hits underlie the signal. We show a preliminary result in Fig. VI-1. Plotted
there are the hit arrival times for 7 bunch crossings around a Higgs event occurring in the



peak comes from a fluctuation in which five minimum-bias events occur in a crossing
preceding the one of interest.

We have begun work on segment finding algorithms and have code to measure their
reliability and efficiency. We are also looking at the azimuth vs. curvature clustering of

segments that belong together on tracks against the background of nearby real or fake
segments.

Simulation at Indiana University

The simulation work at Indiana University was hampered because the generic R&D
money for Hanson was sent to SLAC instead of Indiana in October, 1989, and did not
arrive at Indiana until May, 1990. That money was to have been used for a full-time person
to work on simulation. We are now searching for such a person and expect to have
someone starting this Fall. Most of the work was done by a part-time computer science
graduate student funded by the University.

The simulation at Indiana is carried out on a VAX 6340 computer. Hanson
previously had the code running on the IBM 3081 at SLAC, and some changes had to be
made in transporting it, particularly in the command files. We also moved from GEANT
3.11 to GEANT 3.13. Various bugs were found and fixed in the process. We also had to
buy GKS for the displays. The packages are now working.

The accomplishments at Indiana were:

1. An automatic procedure was developed to generate the hits from both the
minimum-bias background events and the event of interest at the same time in
GEANT. First a file of generated minimum-bias events is created. Then from
within a driver ISAJET is called to generate the event of interest and the file is



procedure will make comparison of different detector geometries, for example,
much easier.

2. A new pattern recognition procedure was developed, including matching track
segments in curvature and azimuth.

3. More realistic tracking geometries were incorporated into the simulation,
including larger tracking radius, fewer superlayers, and intermediate angle
tracking. ‘

4. At this time we are beginning to incorporate stereo superlayers.

Simulation at LBL

The simulation work at LBL was primarily concerned with more general detector
simulation issues, such as integration of tracking simulation into complete detector
simulation, defining data structures, providing parametric tracking simulation, etc. A
GEANT shape for stereo layers was defined and implemented. This new shape, HYPE,
has been included in the most recent release of the program, GEANT 3.14. It describes the
hyperboloid formed by the surface of straws or wires whose ends are displaced by some
angle in order to facilitate a z measurement, and is described by the volume's inner and
outer radii, half length, and the stereo angle.

Most of the studies of the several possible tracking system configurations require a
comparison of their track pattern recognition, momentum resolution, and track triggering
capabilities. A fair comparison has proved very difficult, so we have been writing a
tracking simulation shell which can easily accommodate any proposed configuration and
apply any analysis. This shell uses only easily available facilities and standard FORTRAN
to facilitate its use by many users with many computer systems. The analysis section
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I. SUMMARY OF PROPOSAL

We are proposing to carry out detailed design studies of a wire chamber tracking

system for the SSC. The system will inciude a complete design for both the central racking
system and the intermediate angle tracking system, with momentum measurement over [n} <

2.5 in a solenoidal magnetic field. The design includes the drift cell designs: straw tubes for
the central tracking region and wires transverse to the beam direction for the intermediate
angle region. In the central region straw tubes will be grouped together to form superlayers
in order to provide local rack segments. Such concepts will also play a role in the

intermediate angle region. We are designing endplates for the straw tube modules to allow
the connection of high voltagc, gas, and electronics. We are investigating a support

structure and developing techniques for precise mechanical alignment of the entire tracking

. .
. Mechanical dagion stnrlu-s also include evaluation of mafnnn]s’ thermal studi

We are also developing front end electronics specifically for this tracking system.

oy g
e are building on the R&D that is being carried out for more general fron

53

Triggering electronics is also being developed for this system, although we are not
requesting funding for the triggering electronics as part of this proposal.
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central and intermediate angle tracking systems for beam tests in 1993 (test beams will then
be available at Fermilab). These prototypes will test all of the designs for the full tracking
system - chamber design and construction, mechanical support and alignment, and
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designs. We will test prototypes of front end and triggering electronics on prototype wire

chambers. We will investigate the layout and interfacing of the electronics on the chamber,
including any on-chamber signal processing.

We propose to continue our computer simulation studies of the tracking system. As



the SSC will probably be less than optimal, even though it is already known that the

environment will be harsh. It will be imperative to evaluate the performance characteristics
of a minimal tracking system for an SSC detector.

We have already made substantial progress on the R&D for an SSC tracking system
and are beginning to determine detailed designs, as described in our Summary Report.
However, a great deal remains to be done. Some of the institutions in our collaboration
were funded primarily by SSC detector generic R&D money in the past, and since the
generic program has been stopped, this funding should now be picked up by the subsystem
R&D program. This is particularly important since some of these institutions now have
rather well established SSC programs with people whose salaries are paid through this
source. A large fraction of the progress that was made on subsystem work in the past eight
months was actually funded by the generic R&D program since subsystem R&D money
was very late in arriving.



II. CENTRAL TRACKING R&D

Institutions: Indiana University, University of Colorado, Los Alamos
National Laboratory, Lawrence Berkeley Laboratory,
University of California, Berkeley and Princeton University

Introduction

The heart of the tracking chamber is the drift cell. We will concentrate in this -
proposal on a continuous cathode design in modular packages. There are many practical
advantageous to a tubular design. The tubes are physically and electrically isolated from
one another. This isolation is especially important for 200,000 cells, where in an open
design one broken wire could put the entire chamber out of service. Coupled with the self
supporting cathode, this means that each module can support its own tension, and the
superlayer support requirements are reduced.

The optimum size of a drift cell at the SSC has been discussed in the Snowmass
meetings and at the Vancouver Tracking Workshop. For wires to survive at distances of
0.5 meters from the SSC beam pipe the cells must be no larger than 4 mm. On the other
hand cells much smaller than 4 mm will suffer from poor efficiency due to limited track
ionization length and from electrostatic stability problems. This proposal will cover the
R&D on straw drift tubes and the assembly of the straws into modules.

The engineering for design and construction of a tracking support system for the
SDC will be done by Westinghouse Science and Technology Center and Oak Ridge

sonels
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National Laboratory. They will be assisted by Indiana University. T
described in this proposal in the Engineering section. Our philosophy is to carefully work
through tests on chambers of increasing size and complexity and confront the problems that
arise from increase in scale. We have completed 3 six-straw modules with lengths from 25
cm to 3.5 meters. We are now testing a 16-straw module 25 cm long to understand the
endplate design. We will then proceed to a 64-straw chamber in a composite shell to
understand production techniques and finally to a full-length 236 straw module.



will test the first module to determine cross talk, chamber efficiency, and track resolution.
We will carry out these tests in Bloomington. Most of the data acquisition and support
equipment have been purchased for this test and are already in place. When they are
complete and the design is finalized we will begin construction of the remaining chambers.
Much of the work on the design and assembly of these modules will be done by the
research support scientist and the programmer designer who are presently working on this
project. and a university supported technician. Some of the engineering work on the
endplate design will be done by Oak Ridge. This work is described in the Engineering
Section. The interface boards for these chambers will be designed at Colorado. This work
is described in the Electronics Section.The 64-straw module design is well under way. In
Fig. II-7 of the Summary Report we show the composite shell, the straws and the endplate
present design. A prototype test of the general design is now underway with a 16-straw
module.

2. We will also assemble a full scale drift module, concentrating on fabrication
techniques that will be required for automatic assembly of a complete system. This full
scale drift module will be 4 meters long and contain 236 tubes. It will be used to develop
and test alignment and support systems. and to directly determine the resolution of a
module as a function of its length. The full length module will be the first of several full
scale modules that will be used for the 1993 SDC beam tests. The engineering for the
composite shell is already underway at ORNL and will be continued this contract year. It is
detailed in the Engineering Section. The circuit boards and electronics will be designed by
Colorado and Pennsylvania and is discussed in the Electronics Section. These components
will assembled in Bloomington and the original tests carried out there. The resolution of
this module and others will also be mapped at Colorado.

3. We will also carry out an investigation of gas properties in a2 T magnetic field.
This will give us a direct measurement of the Lorentz angle for the final gas mixture
selected for use in the central tracker. The drift in a high magnetic field is slower than in
when a magnetic field is absent.The Lorentz angle, however, depends on the gas, as well
as the electric and magnetic fields, so there might be an optimum gas mixture that would
minimize the drift ime. The requirements of SSC detectors are consequently sufficiently



A test drift cell ‘th uniform electric field is being constructed. It will be placedina
1iform magnetic field using a research magnet in operation at Indiana University. The
research magnet has becn tested at fields up to 2.3 T . It appears that the field uniformity
will be adequate for this test. The source of ionization will be an UV laser. This is very
convenient because the timing of the light pulse is easily detected and the ionization path is
well collimated. The laser has been ordered and the necessary test setups are being
designed.

University of Colorado
The goals for the coming year include:
Straw tube engineering and development
Experiment with alternative designs of the straw feedthroughs, end

bulkhead, wire connections etc. to aid choice of the most workable
schemes.

Prototype resolution tests.
1. Continue and complete data acquisition programming and transporting of
track reconstruction code for the reference tracker.

2. Conduct resolution measurements on phase 1 prototypes.

4. Alternative cathode structure development. Provide physics coordination

and testing support for the work at Los Alamos. The Dubna group have
also indicated an interest in collaborating on tests of their structure.

Los Alamos National Laboratory



for precision machined mandrels and molds. This leve

f support is further outlined as

Development Of A Termination End Plate

The straw termination end plate will provide two function. The first will be to

provmc tension support for the straw tube cnargea wires. The second will be to mn.urpurau:
resistor/capacitor features which will decouple the electrical pulses from wire to wire.

This end plate design is ongoing and will attempt to attain several goals. The first is .
the successful decoupling of electrical pulses. The second is providing a lower mass

construction than conventional resistor/capacitor electronics. The third is producibility.

Approximately 780 end plates will be requires for the 200,000 straw tubes, (calculated at

an 8 x 32 straw cell unit).

The preliminary design approach is to have an injection molded non-conductive
base plate. Wire termination "clips" will be injection molded out of conductive
thermoplastic, providing a 270 ohm resistive path for each wire. A thin aluminum
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plate. A two-sided aluminized "Kapton" film will be attached to the aluminum plate on one
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dimensions will be designed to achieve a 12.8 nf (50 pf x 256 straws) performance.
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Material & Design Consultation

We will provide consultation for plastic molded and composite fabricated
components based upon our industry expertise. This consultanon will be extended toward
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Tooling Support

We will nrovide tooling support for two main components. the termination end
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plastic or composite component, according to instructions from Indiana University
personnel.

Lawrence Berkeley Laboratory and University of California, Berkeley

We expect to continue some "generic” research and development, since it i
important to the operation of straw tubes as well as other types of wire chambers, but we
expect to shift emphasis toward studies specifically directed toward understanding and
planning for operating straw tubes and the SSC. This implies, in particular, the

>’

determination of the operating gases, gains, gas flow rates, eic.
Plans for further studies:

1. Search for better gases (for SSC) (non-flammable, non-hydrogenic,
inexpensive, etc.
2. Better understanding of agir

ctions, to gain insight i

3. Qualitative and Quantltanve understanding of mechanism of breakdown
suppression by water vapor.

4. Continuing studies of straw tubes: resolution, drift velocities of candidate gases,
optimal operating conditions, design and fabrication

5. These studies are of immediate importance, since they may impact future

designs, etc. (Example: clarification of gas heating just described.)
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We present a brief summary of work accomplished at Princeton University in FY
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is proposed for FY 1991 io continue this work. We seek an additonal



CAMAC TDC:s for 784 channels from PREP, but amplifier/shaper/discriminators for only
48 channels unless more become available via the SSC Front-End Electronics Subsystem
effort.)

Mechanical assembly procedures will be studied in more detail, requiring fixtures,
and clean work space on a larzcr sca.lc. We should set up a second straw-tube test station
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and various electronic test equipment. We wish to continue our efforts towards an online
gas analysis system, both for proportioning of the gas mixtures, and deiection of trace
contaminants. This will require a substantial investment in stainless-steel plumbing and in
research-grade gas chromatography, as well a specialized modules of trace analysis of
oxygen and water. In the pursuit of high resolution we must deal with shorter time
intervals. It will be very beneficial to purchase a high-bandwidth, high-sampling-rate
digital oscilloscope.

')

Central Tracking R&D Issues

We have summarized the major R&D issues for the straw tracking system. The particular
ooy

or
as of research are indicated, and the activities of ou
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summarize
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Drift cell

Issue: Attenuation length
The present attenuation lengthis 4 m meters. For long
straw applications less attenuation will allow lower

gas gain operation.

Area of R&D: Thicker cathode materials, new straw films,
larger signal wires.
. 3
Action: Kapton and lower resistance materials now being used
= cteniz: swmm s ndimee Alacer malla cncestomaintad as Yo 30 m o
10T straw pxwu\.‘duu INCW CCuS Constucica at inaiana
University in Fall, 1990



Issue: High rate effects
The drift cell recovery time and the tail cancellation electronics
must be opumlzcd for minimum dead time. Prcscnuy aidSns
recovery time is assumed in occupancy caiculations and it seems
reahsuc

Area of R&D: Investigate possible high current effects. Establish
maximum current draw limit with radioactive source and
beam tests. Must look at prototype electronics.

Action: Use 64 straw modules which will be ready in the Fall of 1990.
Electronics needed from Penn. Must schedule beam (Indiana
University Cyclotron?) Must also examine this for 3-4 meter
straws as soon as possible with Penn. electronics in early 1991.

Straw Module

Issue: Module structural study
We are presently looking at a tmpezoxdal geometry for the straw
modules, but we need to examine alternatives that will have a
uniform trigger efficiency and a low (or zero) hit loss at the
boundaries for stiff tracks. This needs to be done with the constraint
of maintaining the 10 mil wall thickness.

Area of R&D: Use finite element analysis to determine strength and
defections or full length modules. Develop a 3D model of system.

Action: ORNL study under way for 64 straw module with comparison

of first production shell in Fall of 1990. Followed by full
length study and construction at ORNL 91. Westinghouse will

beg‘l7 na3D m_odel of system in Fall 90.

of the modules must be thm but at the same time must
- AW S&S “ll Y N 2%
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hold the ws straié Holding straws on mandrels and bonding
during constructio: should nsure straightness. Small prototype

meaacniramante indinate ¢
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Thic ic an imnartant i
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momentum resolution.



Issue: Optimum module size
Present modular size has been optimized for eight superlayers. It

neeads to be looked at for "descoped" version. A pncsrh]e
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layout exists, but it is not elegant, especially for stereo.

Area of R&D:Study module construction techniques. Examine impact
on electronics modualization. Study effects of possible
track loss at boundaries and in stereo layers. Look at
possible module size change with superlayer. Re-
examine the requirements for 8 straws/layer (more/less).

Action: ORNL study underway for module structure strength, sag.
ORNL design for construction of module in 91. WTSC study
of module layout and stereo position with 3D model is

underway. Simulation will be renmred to nnnml e the super

layer thickness (Colorado, Indlana)

Issue: Minimum material end plates
Several designs now have acceptable material in end plates, but
much hinges on capacitors. Prototype construction is valuable.
This has impact on superlayer geometry and interface to forward
region.

Area of R&D: Determine if termination capacitor can be built into
wire support. Simplify the end plate design and find nonmetallic
components. Design the z=0 end for minimum dead space.

Action: ORNL study of end plates underway. 3D model will be produced.
Los Alamos is working on a design of termination low mass
Indiana prototype of end plates underway. Colorado design of
printed circuit electronics is underway.

Issue: "Utilities" optimization
Material budget not complete until this is worked out.
Cooling and electronics power requirements will have
important impact on integration design.

Area of R&D: Look at gas flow requirements. Determine
electronics cooling methods. Establish HV
requirements. Specify electronics power
requirements. Work out signal outputs and
Structire.



Layout of the Intermediate Angle Tracking Detector

Simulation work will continue in parallel and in a symbiotic manner with all
development work outlined below. In this way we hope to be able to optimize the
somewhat conflicting requirements of multi-track reconstruction and X-ray detection for an

SSC environment. Such a procedure proved very effective in the early stages of the design
of the H1 FTD, The simulation will be develoned to include:
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1. charged particle knock-on and photon pair conversion in all upstream material, in
particular in the beam pipe, in the central track detectors (straws or fibres in SDQ), and in
the inner track detector (silicon in SDC)

2. the details of any inhomogeneity in the solenoid magnetic field and their effect on
both drift chamber operation and track reconstruction

3. a more realistic set-up for a crossing tagger with the hope of evaluating the
minimal requirements for a fast signal from such a device

4. a more realistic set-up for the radial chambers for the purp
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simulation in an SSC experiment and for a more reahstxc evaluation f reconstruction
efficiency and precision. We will then be able to study in detail the feasibility of particular

Intermediate Tracking Detector (TTD) layouts and to evaiuate and compare their efficacies as
a charged track detector with electron identification when operating as part of the overall

T

inner tracmng of an SSC detector.

Chamber R & D
Radial Wire Chambers
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above has only just commenced. Most important of all is



program of fast gas measurements. The latter will of course include components (Kr and
Xe) with superior X-ray sensitivity in preparation for possible TR detection, as well as
charged track dE/dx measurement, in the ITD.
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The problems associated with the design of radi
experiment will be pursued in a design program which we foresee lasting for some years
yet. This is because of the difficult problems outlined above which will involve a
systematic program of mechanical and electrical R&D using materials compatible with the
corrosive or other properties of our favoured gas mixtures. Considerable interaction with
industry will be absolutely essential. This work can only commence in earnest when the
principle of operation of radial wire chamber wedges at SSC is established with our

prototype.

In FY 1991 we expect to have unique data from our radial wire chambers in the H1
Forward Tracking Detector (FTD) at HERA to establish that our earlier test beam work,
and thus original design criteria, were valid in a real experimental environment. Analysis of
these data will therefore play a vital role in our design of SSC compatible radial wire
chambers.

Crossing Tagger

The emergence of the need for a fast proportional chamber like component in the
ITD requires a considerable program of R and D. None of the UK groups in the FY 1950
proposal have experience in the more exotic techniques, such as knife edge or MISGAC
chambers, proposed above. Nevertheless it is intended that investigations exploiting the
expertise of the RAL Electron Beam Lithography (EBL) facility should begin as soon as
possible into the feasibility of laying down the necessary electrode structures over the

dimensions necessary in the ITD. A construction and test program would then follow.

Fast Gas Measurements

Our program of fast gas measurements will continue throughout FY 1991. Apan
from establishing the drift properties of each mixture in substantial magnetic fields as close



Electronics

We have commenced discussions with the RAL electronics group concerning the
use of the RL114 analogue pipeline chip as a basis for ITD chamber read-out. It would be
used in a hybrid which includes a quality analogue 'shaping circuit and discriminator plus a
digital TDC for good spatial precision, and it would latch charge into an analogue pipeline
(50 ns bucket). This chip is a prototype for LHC/SSC read-out. Our test prototype
chambers will of course be used in the development of this hybrid.



IV. ENGINEERING

Institutions: Westinghouse Science and Technology Center, Oak Ridge
National Laboratory and Indiana University

Westinghouse Science and Technology Center

Westinghouse is in the process of completing a preliminary conceptual
evaluation/analysis of the feasibility of a modular type straw tube central tracker for use in
the SSC. The following list attempts to summarize the results and conclusions of that -
work:

1. A specification describing and documenting the system analyzed has been
written. ’

2. Concept layouts of the following have been developed:

a) Several conceptual versions of the tracker

b) Several module cross sectional geometries

¢) Fabrication and assemblies for modules and support structures

d) Proposed alignment equipment and methods for obtaining required
alignments :

¢) Module design and fabrication for needed automation

3. Module sizing and spacing geometrical calculations have been done.

4. Conceptual evaluation indicated that for several reasons, including potential for
automation fabrication and assembly, ability to accommodate maintenance and repair, and
potential for good alignment, the design is very attractive to build when compared to rival
technologies.

A module-based central tracker using straw tube technology would have advantages
such as simplicity, maintainability and repairability when compared to other
technologies.With respect to mechanical engineering design issues, conceptual feasibility
has been demonstrated, but many conceptual and preliminary design and analysis tasks
remain to be addressed.To assist in addressing these issues, a design and analysis program



Task 3 Develop the preliminary composite support design material properties
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order to develop valid required finite element material properties.
This work is a prerequisite to Task 4.

Task 4 Analyze deflections of module layout with stereo using 3D finite
element computer analysis.

Task 5 Investigate an alignment measurement tool design.

Task 6 Investigate manufacturing and auto assembly.

Task 7 Develop a 3D model for integration study.

Task 8 Assist the subsystem collaboration in developing costing.

The deliverable would consist of:
1. Conceptual design layouts that result for the design and analysis efforts.

2. Requirements, specification, and procedures developed as part of the effort.

3. Conceptual and preliminary engineer analysis, summaries, and conclusions that
result from finite element and classical analyses.

4. Input to a final report.

Since this program is in its early stages and many unknowns still remain, this
Statement of Work and its associated deliverables and estimated costs must be considered
on a level of effort basis. It is believed, based on an engineering appraisement, that the
deliverables can be achieved within the projected costs.

Oak Ridge National Laboratory

Mechanical Design and Fabrication Proposal for FY 1991



fabrication. Itis essential that both areas receive adequate attention to ensure the success of
the project.

Numerous tasks have been identified for further study in FY 1991. These include
the design and fabrication of a 236 straw carbon fiber module; design and fabrication
support for a prototype end plate including gas and cooling fluid studies and development
of assembly concepts for the modules. Study of these items will determine the
requirements for individual modules. Additional evaluation will be required at the system
level. This will be coordinated with the Westinghouse group. The final area identified for
engineering support is cost estimating. This is essential for accurate costing of the Wire
Chamber Subsystem.

Module Design and Fabrication

A trapezoidal module has been identified as the primary element in the Wire
Chamber Subsystem design. This module will be fabricated from carbon fiber material.
The length of the proposed module equals three meters. The overall alignment of the Wire
Chamber Subsystem relies upon the module being extremely accurate. The module must
also withstand compression loads generated by the sense wires and have sufficient rigidity
to minimize the number of intermediate supports. To verify the ability of the module to
perform under these conditions, a series of finite element analyses are proposed. It is also
proposed that a full size prototype module be fabricated. This will provide a means of
determining fabrication procedures that retain the structural integrity and accuracy of the
modules. This module will be designed to accept end plates for assembly into an operating
prototype.

End Plate Design and Prototype Fabrication

The termination point for all straw tubes is the end plate. The end plates will
provide the registering for the straw tubes as well as supply them with all electrical and
mechanical services. ‘Additionally, the end plates will play a significant structural role in
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To support the Detector Proposal in September, 1991, a complete bottoms-up cost
estimate for the Central Tracking System will be made based on the conceptual design
established during FY 1991. This cost estimate will be complete by September 30, 1991.

The bottoms-up cost estimate will break-out by WBS Engineering, assembly labor
and materials, tooling and procurement. Confidence levels and methods of arriving at cost
numbers will also be provided. The data will be provided in both electronic (spread sheet)
and paper formats.

Indiana University

The engineering work for the central tracker is being done by Westinghouse and
ORNL. The scientific liaison for the tracker is H. Ogren. The detailed design work on the
tracker components at ORNL and the tracking support system at the Westinghouse Science
and Technology will build on the prototype designs we are completing at Indiana. In
particular the chamber endplate designs, and the first composite shell designs now being
used at Indiana will establish the parameters for both engineering studies. During this
coming contract year we will require continual meetings at both ORNL and Westinghouse
to coordinate activities. This is reflected in the increased travel costs.

R&D Issues in Engineering
Support Structure R&D

Issue: Optimize layout of modules
Present system design is not as elegant as we would desire. The
alignment and support of each module has not yet been finalized
and will strongly affect the design.

Area of R&D: Study the support requirements for the modules. Look at
the optimum layout of superlayers. Look at issues of repair,
replacement, and assembly. Work out designs that do not require
each module support to be aligned, but used predrilled tooling.

Action: WSTC has initial study complete. 3D model will be completed
Fall 90 to assist us in overall desien. An assemblv studv will he



Area of R&D: Look at alignment requirements. Study stability of
structure and module supports. Set temperature
variation requirements. Investigate alignment and assembly.

Action: WSTC will develop 3D model for study Fall 90. Finite
element analysis will begin Fall 90. ORNL will set
requirements for the module alignment and Westinghouse will work
out the assembly and alignment techniques in 1991.

Issue: z=0 support structure
Difficult feature of modular design is the z=0 region. We must
try to reduce material and keep dead space very small.

Area of R&D: Attempt a design with no "utilities" at z=0.Specify
the mass and size of z=0 support.

Action: ORNL design of module to begin Fall 90. WSTC 3D
model in Fall 90 and more design work on this area.
Simulation of material and dead space at z=0 must be done.
Los Alamos will design low mass terminations.



V. FRONT END AND TRIGGERING ELECTRONICS

Institutions: University of Pennsylvania, KEK, University of Michigan,

Front End Electronics

The University of Pennsylvania has been involved, first through its generic
electronics R&D effort and now through the Front End Electronics subsystem R&D, in the
development of custom integrated circuits for gas ionization chamber readout. Through this
separate subsystem effort we intend to develop a prototype of a fully functional radiation
hard set of circuits.

As members of this proposal it is our intention to facilitate the use of intermediate
tance single channel and non radiation hard) of the readout chips on
prototype and test chambers and to help develop a useable end version packaging scheme
compatible with all of the mechanical, electrical, cooling, radiation, and other problems of
the full SSC environment. In addition, we will include appropriate detector specific (e.g.
trigger) enhancements to the basic circuitry as needed and will help arrange for the

manufacture of production quantities of the final integrated circuits.

The TMC development will continue at KEK. We are not asking for funds for the
KEK work in this proposal.

Triggering Electronics

The Michigan group will continue to test the first group of synchronizer chips. In
particular we will test the sample-to-sample variation, the auto-calibration capabilities, and
momentum restriction accuracy and variation with time and sample. Schemes for



the goal of compressing the circuit to minimal size so that many copies can be constructed
on a single chip. In 1991 we will investigate fabrication of the circuit on radiation hard
processes and continue discussions with the tracker and front-end electronics groups
regarding the physical interconnections of synchronizers with the tubes. The triggering
electronics development will be funded through a separate subsystem R&D project.

Interface Between Electronics and Straw Module

The Colorado group will continue the development of the interface boards to
connect the sense wires to the electronics, working in close collaboration with the groups at
Pennsylvania and Indiana. The goals for the coming year include:

1. Fabricate the interface boards for stage 1 prototypes. Prototype modules will be
distributed among the collaboration for testing and development of associated
components,

2. Design electronics board for phase 2 prototype incorporating Penn front end
circuits, with connections to commercial TDCs.

3. Extend the fully integrated readout board layout design to include trigger
circuitry.



VI. COMPUTER SIMULATION

Institutions: Indiana University, University of Colorado and Lawrence
Berkeley Laboratory

The goal of the tracking simulation program for FY 1991 will be to evaluate a
complete integrated tracking system design for a solenoidal detector for the SSC. So far,
we have not put much emphasis on measurement of the coordinate along the wire, the
intermediate angle tracking, or integration with a silicon detector at smaller radius, so these
will be major goals for FY 1991. Also, we need to evaluate the performance characteristics
of a non-optimal, "descoped” tracking system. In more detail, the work for FY 1991 will
include:

1. Consolidation of the work at Indiana, Colorado, and LBL into a single
simulation program.

2. Finish incorporating stereo layers into the central tracking and evaluate the
linking of stereo and axial track segments to form complete tracks with
momentum and z information. Study track segment finding including the time
when the track crosses the superlayer be a parameter in the fit.

3. Include intermediate angle tracking and silicon detectors. Study pattern
recognition and determination of the coordinate along the wires in the
intermediate angle region. Study pattern recognition using the complete system.
Study possibilities for using scintillating fibers, such as cylinders of scintillating
fibers for determining the z -coordinate. Work with silicon and wire/scifi hybrid
groups on integrated simulation.
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6. Simulate performance of trigger.

7. Develop some short-cut methods to improve our understanding of how reliable
the pattern recognition will be.

8. Integrate tracking simulation into overall detector simulation.

9. Provide parametric simulation based on our studies so that those studying other
parts of the detector or doing quick simulations of physics processes based on
four-vectors can obtain the effects of track measurement without going through the
full simulation, pattern recognition, and track fitting steps.



VII. PROJECT ORGANIZATION

Contact Person: G. Hanson

The project can be broken down into the following tasks. For each task we list the
participating institutions and contact persons.

W&B&D

Indiana University - H. Ogren

University of Colorado - W. T. Ford

Los Alamos National Laboratory - C. Sadler

Lawrence Berkeley Laboratory and University of California, Berkeley -
J. A. Kadyk

Stanford Linear Accelerator Center - J. Va'vra

Princeton University - K. McDonald

Intermediate Angle Tracking R&D
University of Liverpool - J. B. Dainton

University of Glasgow - D. H. Saxon
Rutherford Appleton Laboratory - N. A. McCubbin

Engineering

Westinghouse Science and Technology Center - R. L. Swensrud
Oak Ridge National Laboratory - T. Ryan



. Simulat

Indiana University - G. Hanson
University of Colorado - W. T. Ford
Lawrence Berkeley Laboratory - A. P. T. Palounek



VIII. MILESTONES

Central Tracking R&D

R&D for straw feedthroughs, end connectors 11/90
End plate electronics for 64 straw module 1190
Assembly of 64 straw modules 10/90
Complete evaluation of efficiency, resolution 391
High rate beam tests of 64 modules 591
Endplate electronics layout for full scale 491
Assembly of full scale module 6/91
Complete evaluation of efficiency, resolution

and attenuation of full length module 8/91
Module testing facility complete for
Full scale module 491
Resolution tests vs. 2 for full length module 10/91

Complete construction of second full length module 11/91
Los Alamos National Laboratory

Finish 1 meter mandrel 11/90

Low mass termination 1191

Intermediate tracking R&D

Computer simulation of cell 1/1
R&D on materials, gases for ITD 3P1
Detail cell design 4/91
Complete test module prototype of sector 6/91
R&D for fast proportional chambers 6/91
Design of fast proportional chambers 9/91
Electronic design for chambers 6/1
Prototype fast chamber 1191

Engineering

Westinghouse Science and Technology Center

Complete conceptual layout module geometry 10/90
3D Euclid model of support system, modules 11/90
Finite element analysis of structure 191
Alignment measurement tooling design 4/91

Develop costing for central tracker 4/91
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Full scale module engineering design 11/90
Analysis of prototype 11/90
Endplate design complete 191
Utilities layout 6/91
Electronic cooling design 6/91
Assembly of full scale shell 591
Complete analysis of full module 1191
Front end and Triggering Electronics
Single Channel Preamp/shaper in package 10/90
Two channel P/S in package 12/90
4 channel P/S in package 2/91
4 channel Discriminator in package 2/1
4 channel P/S/Disc in discrete package 491
4 channel P/S/D for multichip module tests 7/91
Sin g]p channel nmtrv\.T\'/(‘/‘A MU in nnnlrngn 12/90
Single or dual TVC/AMU full loglc in package 4/91
Rad hard 4 channel P/S/D 4/91
Rad hard 4-8 channel TVC/AMU, full logic 10/92
Full Multd r'hm Module Acepmhlv. near final 10/92

Computer Simulation

Consolidate work at Colorado, Indiana, and LBL  10/90

Include stereo wires and segments 10/90
Include intermediate angle tracking 10/90
Include silicon tracking 10/90
Develop short-cut methods to evaluate

pattern recognition performance 491
Integrate tracking simulation into overall

detector simulation 4/91
Provide parametric simulation 491
Simulate trigger performance 1091
Study pattern recognition and

track segment finding algorithms

in complete system 1091
Study track fitting for entire system 1091

Study occupancy and performance as a function
of cell sizes, radii, and number of layers 1091



IX. BUDGET
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FY91 SUBSYSTEM BUDGET LISTED BY INSTITUTION

(funding for FY90 shown for comparison)

INSTITUTION FY90 FY91
Indiana University (see note 1) $325,000 $399,406
Westinghouse S.T.C. (subcontract to Indiana University) 62,000 461,000
University of Liverpool (subcontract to Indiana University) 50,000 78,774
Subtotal for Indiana University 437,000 939,180
University of Colorado 73,000 360,750
Oak Ridge National laboratory 60,000 369,000
Lawrence Berkeley Laboratory (see note 2) 55,000 65,000
Los Alamos National Laboratory 40,000 65,000
University of Pennsylvania 50,000 155,000
Princeton University 135,000 160,000

Total Budget

e

$850.,000 $2.113,930

nding for LBL includes $50K generic + $5K subsystem



FY91 SUBSYTEM BUDGET LISTED BY TASK

Central tracking

Indiana University _ 332,839
University of Colorado 162,338
Los Alamos National Laboratory 65,000
Lawrence Berkeley Laboratory 60,000
Princeton University 160,000

780,176

Intermediate Tracking
University of Liverpool 78,774

Engineering Research and Development

Westinghouse Science and Technology Center 461,000
Oak Ridge National Laboratory 369,000
830,000

Electronics
University of Pennsylvania 155,000
University of Colorado 162,338
317,338

Simulation
University of Colorado 36,075
Lawrence Berkeley Laboratory 5,000
Indiana University 66,568
107,643

Total Budget $2,113,930




. Salaries
a. Research support scientist (to be named)
b. Program designer (R. Foster)
c. Simulation programmer (to be named)
d. Hourly help
e. Graduate students

(3 for 2 mos. ea @ $1100/mo.)

Total Salaries

. Fringe benefits

. Supplies

a. Composite modules

b. Straws and wire supports
c. Gas supplies

d. Assembly supplies
Total Supplies

. Equipment

a. CAD software

b. CAD workstation

c. 2 MAUCII terminals

Total Equipment

. Travel

30 trips to meetings @ $1000/trip

. Indirect Costs

49% of salaries, supplies, travel and fringe benefits

Total Budget

$25,000
31,930
35,000
10,000
6,600

108,530
23,656

40,000
15,000
10,000
10,000

75,000

12,000
20,000
14,000

46,000

30,000

116,221

$399,406
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WESTINGHOUSE SCIENCE
Senior level mechanical engineer
8/12 year (1280 hr.)

Senior level composites engineer
2/12 year (320 hr)

Senior level designer
6/12 year (900 hr)

Draftsman/designer
6/12 year (900 hr)

Materials technician
4/12 year (640 hr)

Materials
Travel

Total Budget

AND TECHNOLOGY CENTER

$131,000

32,000

102,000

64,000

45,000
63,000
24,000
$461,000
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UNIVERSITY OF LIVERPOOL

. Engineering Physics Support

a. Physicist-engineer for design, construction and testing
of ITD drift chambers
-full-time salary for 12 mos.
-fringe benefits
nee physicist-engineer (part-time)
-salary including fringe benefits

"~
1

or

Total Engineering Physics Support

. Equipment

-for chamber prototype tests
(includes consumable items)

. Travel

3 physicists each to make 2 trips to U.S.
-air travel @ $738 ea.
-7 nights subsistence @ $100/day
Total Travel

Total Budget

$30,704
8,042

5,400

44,146

26,000
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UNIVERSITY OF COLORADO

. Salaries and Wages

a. Research associate (to be named)
(50% time, 12 mos.)
b. Design engineer (G. Schultz)

(50% time, 12 mos.)
c. Graduate research assistants
. (1 @ 50% time for 9 mos,
Undergraduate student assistants
(2 FTE, hourly basis)

NNy o AL N\
1W7 amef 10r £.0 mos.)

a.

Total Salaries and Wages

. Fringe Benefits

. Supplies and Materiais

a. Equipment repair and maintenance

b. CAD software upgrades

¢. Laboratory supplies

d. Materials for fixtures, etc.

e. Electronic components, connectors, wire, cables, etc.

AF_a___%_u_

Totai Supplies and Materiais

. Equipment

a. For electronics interface
b.  For prototype fabrication
c. For drift chamber readout

Total Equipment

. Travel

Domestic; to coordinate collaborative R&D effort

. Other Direct Costs

a. Machine shop time
b. Publications

Total Other

. Indirect Costs

41.8% of MTDC

$15,500
24,600
16,000
28,000

56,850



OAK RIDGE NATIONAL LABORATORY
1. Design
a. Prototype $52,000
b. End plate 45,000
c. Module assembly concepts 23,000
d. Electronics 38,000
e. Cost estimating/planning 23,000
Total Design 181,000
2. Fabrication
a. Prototype 150,000
b. End plate 38,000
Total Fabrication 188,000

Total Budget $369,000
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LAWRENCE BERKELEY LABORATORY

Wire Aging Tests $15,000
Plasma Studies 15,000
Straw Tube Tests and Measurements 30,000
Travel for computer simulation 5,000
Total Budget $65,000



LOS ALAMOS NATIONAL LABORATORY

Staffing
a. scientific (.05 staff years)
b. other (.05 staff years)

Materials and Services

Subcontracts, Major Procurement
(T.E.P. Injection Mold, W.C. Injection Mold)

$10,000
5,000

5,000

45,000

Total Budget

$65,000
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UNIVERSITY OF PENNSYLVANIA

Technical support FTE)
Test equipment
Supplies

Travel

Total Budget

PR .

$155,000
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~10.

11.
12.
13.

14.
15.

PRINCETON UNIVERSITY
Mezrallization of cathode foils, winding of straw tubes
Components for straw-tube end plugs
Fixtures for straw-tube assembly
4' x §' granite surface plate
Supports and alignment tools for straw-tube modules
Flow and pressure control for 3-component gas mixtures
Stainless-steel gas regulators, fittings, tubing, filters,etc.

High- and low-voltage power supplies and related test
equipment

PC-clone computer, CAMAC crate and interface

Test equipment for front-end electronics:
amplifiers, ADC, TDC, etc.

PRA LN103 nitrogen laser and spare parts
1-GHz, 2-Gsamples/sec digital osciloscope

Research-grade gas chromatograph, columns,
multiport valve

Trace oxygen and water analyzers

High-purity chamber gases

Total Budget

~ $10,000
10,000
10,000
5,000
10,000
10,000
10,000

5,000
10,000

5,000
10,000
35,000

15,000
10,000
5,000

$160,000
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Gas studies of 4 mm Diameter Straw Drift Chambers
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C. Neyman, K. Fosier, G. Hanson, B. Martin, H. Ogren, D. Rust
SSC R&D Group

indiana University

1) Introduction

We are mvcsnganng thc the fcasxblhty of connnuous cathode drift chambers using
aluminized rrryxar walls \ straw Cnamocrb ) at the SSC. oever-ai drift chamber designs using

small diameter ( 4 mm) straws of several meters in length have been proposed for SSC

detectors. While a number of chambers have been built and run successfully at PEP and
CESR, SSC will imposc many new dernands The high crossing frequency of the SSC

P & o s Lo . _ %°_ 3

will a I'CQUII'C usmg mc very fastest £asses in mcsc cnamocrs. IDCSC gasscs must DG Stuaica

.

and understood. High instantaneous rates and high radiation backgrounds also will impose
design requirements.

We have carried out a series of measurements on a six tube straw detector. We measured
the efficiency, drift time, gain, and resolution of a number of gases in 4 mm diameter

2) Description of detector

The drift chamber constructed for this series of tests was a six tube array with a length of
40 cm as shown in Fig. 1. The straws were fabricated by Precision Paper Tube Company.,
Rockville, Ill. Each straw consists of a layer of 0.5 mil polycarbonate film aluminized on
the inside surface, covered by an 0.5 mil mylar film. The two films are wound with
overlapping pitch and bonded by an application of glue between them. The resulting tube is
gas tight, and robust enough to handle easily. The inside diameter is 0.157 in or 4.0 mm.

The anode is a gold platcd tungsten wire 25 pm in diameter. It is tensmned and held
ad .

ramtamad sn TNaletom cafonn Scaoamws - 1. A Afsla atmne Py

cemierca Oy twO Lcirin pins inseried in €acii €na o1 tne straw. 1n The Delrin p 11§ aIc INscrica
into an aluminum gas manifold, which positions the wires and provides a robust
mechanical support. The triangular gas manifolds sit in a precision V groove that 1

machined in a long aluminum bar. The V groove aligns both manifold ends and holds th
straws in position. Mechanical toierances for the construction were about + 50 um.

()



Scintillator
23cmx 33 cm
i 2 3
4 86 S Aluminum block

Scintillator
Scmx38cm

Fig 1 Test array of six straws with cosmic ray trigger

3) Electronics

A negative high voltage supply was used to establish the voltage difference between the
cathode surface and anode wire. The anode wire signals were then taken out directly
without capacitive coupling. A combination preamplifier-discriminator with typically a

ENN 11\ sheack 1 Xe) A TDC
600 pV threshold into 500 £2. was used to form discriminated s.gnals for the TDC. The

coincidence between the two scintillators was used to start a LeCroy TDC ( 200ps/div) and
the discriminated anode signals were used for a stop. The data were collected locally on an
LSI-11 and transfered to a VAX system for later analysis.

4). Efficiencies of 4 mm Straw Tubes

We anticipate that with typlcal ionization constants that there will be about 40 clcctron-xon
pairs produced by a minimum jonizing particle in a 4 mm straw. Eiectron attachment and
lower intrinsic ionization may lower this number for many gasses. One of the first
measurements made was a plateau curve for a number of candidate gasses . The following
gas mixtures were used in cosmic ray tests: Argon-Ethane(50%), HRS gas {Ar-
CO02(10%)-CH4(1%)}, CF4(99.9), and CF4-Isobutane(20%, 10%, and 5%). These were

meacnred at ANV inta the SONQ innut registance of the nreamn. which was the lowest

9
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The data for Ar-Ethane (30%) and for HRS gas are show in Fig 2. HRS gas did not
plateau before the tubes began drawing current above 1350 V. Ar-Ethane(50%) reached
95% efficiency and appeared to plateau before 1700 V where it began drawing excessive
current

‘ ] h b 1 b ] Ll 1 ] 1 l 1 1 1 Lil 1 1 1 ] A 1 L '] l
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1200 1300 1400 1500 1600 1700
Tube Voltage(V)

Fig. 2 Plateau curves

The efficiency measurements for the various CF4 mixtures is shown in Fig.3. The pure
CF4 mixture does not reach full efficiency by 2400 volts.. It is likely that this is due to

clectron attachment. As has been reported in previous studies ! the cross section for
electron attachment is a resonant reaction. Small fractions of a quenching gas such as
Isobutane cools the electrons below the threshold for attachment. Of the mixtures tested
20% Isobutane performed the best, reaching an efficiency of 98%. We expect about 1%
inefficiency is due to the 40 microns of wall thickness. The remaining 1% can be ascribed
to a 40 micron region near the wall where the path length is less than 300 microns and the
cluster statistics are poor.
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The efficiencies for CF4 and CF4-Isobutane were fit to the function :

WS
l +€ p b

The values for g9, the asymptotic value of the efficiency, are

CF; (99.9%) 89.2%
CF4-Isobutanc(20%) 98.2%
CF4-Isobutane(10%) 97.1%
CF;-Isobutane(5%) 05.5%

We also have m

Aﬂ ars ’ﬂl‘!n ' - X8 1% Y Xl
- AoV " (519 9% lilpivie \Muiv liwvaAouiwiliiwlii i
nonflammable gas mixtures. These are shown in Fig. 4. HRS gas mixed with 50% CO;
t nt near 2000 Volts. Argon-CF4 (50%)

i .
mixture reaches only 87% before drawing current, and CF4-CO2(15%) has an efficiency of

85% at 2250 Volts.
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Fig. 4 Efficiency measurements
§) Gain of 4 mm Straw Tubes

The gain of the straw chambers was measured for four different gas mixtures: Ar-
Ethane(50%), CF4(99.9) and CF4-Isobutane(20% and 10%). A Fe33 source was used to
produce at constant pulse height signal. The Fe35 x-ray has an energy of 5.9 keV.
Assuming an average energy to produce an ion-electron pair of 24.5 eV 2, the primary
ionization of the xray from Fe3S gives 240 electrons in Ar-Ethane. The total charge from
each x-ray interaction was measured with a charge sensitive amplifier with an integration
time of about 10 psec, followed by a Ortec model 575 amplifier and then displayed on an
Ortec 7100 multichannel analyzer. A calibration of the charge was obtain with a pulser and
oscilloscope. The gain for CF4 and CF4-Isobutane mixtures was calculated assuming the
same primary ionization as Ar-Ethane(50%).3 The charge and gain are shown in Fig. 5.
Notice, in particular, that the gain of the CF4-isobutane (20%) mixture is about 5 x 104 at
2000 V ( at the beginning of the efficiency plateau).
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Fig. 5 Gain in 4mm straw with 25 y sense wire

6) Resolution

The resolution of the middle layer of straws was measured with cosmic rays using the same
6 straw setup described previously. A track was fitted through straws 2 and 6.(see Fig. 1)
The distribution of the residual between the track fitted and the actual drift distance in the
central two straws (4 and 5) was calculated, displayed, and fitted with a gaussian.The
standard deviation of this distribution is directly related to the intrinsic resolution of each
straw. The resolution was measured for all the gasses discussed in Sec. 2.

The resolutions for Ar-Ethane(50%) and HRS gas are shown in Fig. 6. Both gasses
showed improvement in resolution as the voltage was increased, but the rather poor

values (150 00 {) probably are duc the effects of poor cluster statistics which is reflected
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Fig. 6. Resolution measurements for Ar-Ethane(50%) and HRS gas

The resolutions for CF4 and CF4-Isobutane(20%-10%-5%) are shown in Fig. 7, 8, and
9, respectively. Due to the known problems with electron attachment in pure CF4 the
resolution is expected to be poor. The plotted data of pure CF4 represent ge average of
two points with the horizontal error bar representing the width of the average.The
resolution of CF4-Isobutane (20%), measured to be about 100 pm on the plateau, was
the smallest of the CF4 mixes . Wc bchcve that part of the relative pcrformancc of the CF4
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7) Drift Velocity

The short time (16 nsec) between bunch crossings at the SSC dictates the use of a gas with

a hioh Arift velacity  We have Innked at 2 nuiimher af cgaccee whirh miaht hava the
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The full widths of CF4 and CF4-Isobutane(20%, 10%, 5%) range from 18 to 22 nsec fora

2 mm drift, making any of these gasses suitable for the SSC. They are shown in Figures
12,13, 14 and 15. We do not yet understand in detail the shape of these distributions.
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In addition to the gasses already tested we measured drift velocities. for several other gas
mixtures. However, the exact compositions for optimum operation have not yet been
determined. One of these gasses tested was HRS-CO2(50%) this mix was an
approximation to Ar-CO2(50%). As can be seen in Fig. 16 this gas has a long tail which
may in part be due to its unsaturated drift velocity .

Another CO2 mix we looked at was CF4-CO2(15%). As can seen in Fig 17 this gas has a
full width of 28 nsec but like Ar-CO2(50%) it also has some events at longer drift time.
We also measured Ar-CF4(50%). This gas has a fast drift ime of 24 nsec as can be seen in
Fig 18. However this gas didn't plateau, as was shown in Fig 4.
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8.) Conclusions

We have measured several basic properties of 4 mm diameter straw drift tubes. A gas
mixture of CF4 -Isobutane (20%) would appear to satisfy all the requirements for a fast

detector at SSC. This mixture has full eficiency at 2000 V, a gain of 5 x 104, an intrinsic

resolution of about 100 {1, and a drift time of less than 20 ns in a 4mm diameter straw.
However, we would much rather use a nonflammable gas in the tracking system. We will
continue to explore other gas mixtures.
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Wire Stability tests on 4 mm Straw Chambers

H. Ogren, R. Foster, G. Hanson, B. Martin, C. Neyman, D. Rust

SSC R&D Group
Indiana University

1.) Calculation of Electrostatic forces

The electrostatic stability of a wire in a straw chamber is a function of the tension on the
wire. The electrostatic limit can be estimated by using the linear term in the expression for

the artractive force per unit length on a wire element displaced by & from the center line
of the cathode : ~

po 2megV3
R))’R2
Gl &7, (1)

where V= voltage, R= cathode radius, r = wire radius, 8= displacement from center. In
general this will be balanced by the tensional force of the wire. Therefore, assuming that
the wire will have a sinusoidal shape about the central cathode axis, and imposing the
boundary conditions that the wire is fixed at both ends , the condition on the wire tension
for stability is: 1

T>-260V2L2
1tR21n(§)2 ’ @)
where L is thé wire length (meters).
For a 2 mm radius tube and a 12.5 4 radius wire this condition is
T > 5.6x10°V2L2 gm force A3)

This is the minimum theoretical tension (in grams of force) required for stability for a
given length of 4mm diameter straw at a specified voltage.



A from the symmetry axis. Assuming the wire distortion is sinusoidal, the total force on
the wire can then be expressed as the integral : :

Frop =—2R80Y2_ ] (Asin(rx/L)+A)dx
In(R/r)’R?, 4)

The resulting tension in the wire is

T=LEwr - 5.6x10°¢ v2L2(1424) (5)
2A & . \JJ

Notice that the tension now depends on the amplitude of the wire deflection unlike the first
approximation for a well-centered wire. The deflection amplitude now can be solved for:

A= xA =__TA
2( L ) pNet
5.6x10°6 V2L2 v 6

where V( is the stability limit for zero displacement from Eq. 3.

This amplitude function , A ,is shown in Fig.1 for a 1 meter long tube and a wire tension
of 40 grams.
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Notice that if we set a limit of 100 p maximum amplitude , A, then we can find the
relationship between the offset error and voltage limit. For instance, suppose we could

construct the tube assembly with a maximum offset of 50 pi. This formula then limits the

allowable voltage to V/Vo = sqrt( 1/ (50/70+1)=0.7. Since we plan to use a drift gas that
requires 2000 Volts for good efficiency, the implies a Vo=3000 V. Then, using Eq. 3, for a
maximum free span of 1 meter, we find the required tension = 50 grams.

3.) Measurements of stability

We have attempted to verify these expressions by performing a number of optical
and electrical tests. The first test was with a 2.1 m length straw that was tensioned and

positioned vertically with a central wire 25 L in diameter.The tension of the wire was varied
and the voltage recorded at the onset of instability, ( when the supply tripped!).Oscillations
of the straw were observed at instability when the tube was unsupported. Four support

points were added to stop the oscillations , but as can be seen from Fig. 2 we were far
from the theoretical limit. of 26 grams force at 1000 Volts.
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[2.1 meter] [with supports]

800

600~
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Iwithout support|
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0 -~

1 I | i I I
0 20 40 60 80 100

grams tension

Fig. 2 Stability measurement

We know from further measurements that the problem was in the method of -
positioning the straw. In our initial tests we had tensioned the straw on a vertical jig and
then added up to four glue joint contact points for transverse stability along its length. We
now know that a much more accurate method must be used for positioning and holding the
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Fig. 3 Measured wire displacement from center vs voltage
for a 2 meter straw with unsupported wire at 100 grams tension.

In order to improve our measurements we built a new test system. A 4 mm square
groove was machined in an aluminum channel with a linear runout of less than 50 4. The
wire was positioned at each end with x-y translators capable of 25 p accuracy. The total
length of the wire was 1.07 m. The wire tension was set at 40 gm for all the

measurements we report here. This results in a catenary sag of 20 ¢t which we ignore.
02 gas was flushed through the straw to suppress HV discharge.
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that the theoretical limit, but a considerable improvement from the unsupport

measurements. It pro vb