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I. INTRODUCTION

The goal of our subsystemR&D project is to carry out a detailed study and design

of a complete wire chamber tracking system for the sse. The system includes central

trackingwith straw tube chambersand intermediate angle trackingwith wires transverse to
the beamdirection. The systemshouldprovideidentification of chargedparticles over 1111

S 3 and momentum measurement over iTti S 2.5.

Some of the collaborating institutionsalready had funds through the ssedetector

generic R&D program. We encountered severedifficulties in fundingfor 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 one

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 alleviatedduring

the comingfiscal year.Fortunately, in a few cases work was carriedout with only the hope

of pa,ment in the future.

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.

J. Kadyk's group (including LBL, which was already parriciparing, and SLAC) that had

been working on genericR&D has joined ours . The U. C. Davis group has dropped out.

We have made substantial progressin the areasof straw tube R&D,design of straw

chambermodules (including endplates for connection of gas, higJ; voltage and electronics),

engineering studies 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 moredetail in the following sections.
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II. CENTRAL TRACKING R&n

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

indiana 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. IT-I shows the tracking

system proposed by the SDC collaboration. The tracking volume is about 9 meters in
1 ..1.. __ ....3 .., £ __• __ .:_ ..J: •__ T_ .1.._ ... ~__ to--_l""':__ .... 1 .L_ .._ .....1 "" .........:__ •• ..:1110.._
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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 nun diameter

cells and constructed several prototype chambers. Although more work needs to be done,

these tests and prototypes all indicated that a viable tracking system for the SDC detector

can be built usinz straw chambers. We have nrooosed 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 entire

tracking system.

Straw Chambers

The basic drift cell is constructed with a plastic based cylindrical cathode structure
~_..J !' ",,1: 11_ ..JI:~__•__ •••.: __ ~1 ..1.._ .... _.: ... rrI... __.....I..._A_ : ... ~ ...I t:-__ ft__•••__ .....It''l1l ..
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wrap 12 urn thick and an aluminized polycarbonate film inner layer. We have been using

straws manufactured by Precision Paper Tubes, Wheeling, Ill, The tubes are 4 mm in

diameter with a 37 urn wall thickness. The standard aluminized coating is 1000 A in

thickness. From one end to the other the tubes have a DC resistance of 100 ohms. the 25



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 ~m/ns, but a few are in the range of 100 ~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 em, we have measured drift times for a number of drift

chamber gases. Several are shown in Fig. n-2. The best gas we have studied is CF4 

isobutane(20%)1.

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 tum 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. Il-S.

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 J.Lm.

Straw Gas Gain

We have measured the gain of the drift chamber for 4 mm straws with a 25 urn

J



One of the potential problems with a long straw system is the attenuation of the

si~ua1 whiletraversing thecylindrical transmission title to the electronics at one end of the

straw. This attenuation is due to the cathode and wire resistance. The resistance of the

constructing a 3.5 meter six straw drift chamber. The attenuation was measured 3 using an

Fe55 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

measure is characterized by a 4 meter attenuation length. We would like this to be as long

as possible in order to reduce the dynamic range of the signal and the possibility of
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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.s
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.t The result of this study shows that with a 50

gram tension a 25 J.1m diameter sense wire shouid be electrostatically stabie 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 JlID. We have designed several wire support

sysrems.s The support system we will be using in the future construction of straw modules

is referred to as the "double v" shown in Fig, IT-5. It is assembled by snapping together



Module Construction

WP. have built several nrototvne straw drift chambers this vear. Thev have ziven us··----·-----------r-----JC-------------- -- ., "" -
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valuable expenence m aesigmng a Straw ann cnamoer moauie mal coma DC 5CCUCO up

easily to 236 straws and 4 meters in length. There are two aspects of the design that are
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critical. one IS tne outer snell or me mocuie ana me otner IS me enaprare. 1 ne outer sneu

hold the strawsrigidly in position closepacked, maintainsthe alignmentalong 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. 11-6. 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
within the±SO j.im tolerance we specified. SevercJ short64 strawmodules will be built and

tested with the 30 em composite shells. (We are now beginning the tooling for a 1 meter

long mandrel for productionof several longer shells.)

We have also made progress on the endplate design. Fig. 11-7 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 solderclip. 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 printedcircuit boardfor the electronics is attachedto the feed throughplate. 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 percentof 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 urn precision per point, the interpolated reference

trajectory will be established to about 30 J.1I11.

This setup, with scintillators, high voltage, and gas supply is now working to the

extent of producing pulses into a FASTBUS TOC. 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 SLAe 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

componentsas the: wire guide design variations; composite structural support; straw tube

materialselection; composite strawtubecell; and wire termination clip.

Fabrication and Tooling Support

We have consulted with I.U. and Composite Horizons personnel regarding all

phases of manufacturefor the composite straw tube cell. We have also agreed to fabricate

the one meterlong strawtube cell mandI-d at LA1'~.

Lawrence Berkeley Laboratory

During the past year, work has proceeded in severalareas leading to interesting and

significant results:

1. Investigations of radiation-hard propertiesof CF4-based gases.

2. Acceleratedaging tests using a variety of gases and wires, using

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

3. Studiesof the plasmachemistryof avalanche processes in various gases.

4. Measurements of the effects of Freons, and especiallyFreon 11,

on wirechambers usingan argon/ethane or dimethyl ether gases, leading

to new and useful results.

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

straw tubes was measured It was found t'lat heat is carried away
efficiently (and almostentirely) by radialconduction. This observation



Inhibition of Wire Aging Using CF4

The gas mixture CF4!isobutane (80/20) recently has been established as a very

radiation-hard gas for wire chamber use (see Appendix ). It is also expected to have good

spatial resolution and large drift velocity, both desirable properties for use at SSC.

Experimental tests of these latterpropertiesare in preparation.

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 there is a

steady-statebalance between polymer etching and deposition. Support for this model was

found in the following tests using the CF4lisobutane (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 operatingwith argon/ethane gas bubbled through siliconeoil is subsequentlyrestored to

full gain by operatingwith the CF4mixture (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

resultingin a very low aging rate (3%/Clcm), a procedurewhich has been used to prepare a

"coated"wire using argon/ethane (200%/Clcm). 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 CF4component, but still with good aging properties, and yet

maintaining the good spatialresolution 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 collisionswith neutrons inside the sse detector.

Accelerated Aging Tests

A wide variety of gases, including the CF4lisobutane 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 «l0%/Clcm) with the resistive wires Stablohm and
Nicotin, a result in contradiction with published results (more below on aging in DME).



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

signaVbackground. 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 or Freons on Aging.

It has been thought for some time that Freons (i.e., chlorofluorocarbons) are

powerful agents for inducing aging, especially Freon 11 (CFCI3) 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 em/sec) are

temperature variations kept within acceptable limits. In a set of measurements using a
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measurements of temperature rise. This threefold agreement also was valid over a range of

power input, and the temperature rise in the most severe sse environment is only expected

to be O.IOC 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 will 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 .

durinz the nast vear. The $135K allocated for this bv the DOE SSC Division has not vet- ..". " "
been received at Princeton. The work accomplished has been supported by funds from the

DOE IiEP Division, and by redirection of funds from the DOE sse 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

the
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

Work accomplished in FY 1990:

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,l0

2. Winding of 4 sets of straw tubes ($1500 total) by Stone Industrial for prototype

tests.

3. Purchase of Makrofol conducting polycarbonate foil, D.S-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, 0.8S-mil thick. Kapton can be copperized.
n ~ _':1 ..L.:_' ! !1_L.1_ '-- __ ""'- __ -..!....L _ ."'1'\1"\1
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9. Purchase of a N2-driven glueing apparatus.

10. Assembly of a 2l-tube prototype (along with M. Convery and D. Marlow of

Princeton University), using the mandrels and glueing apparatus of items 9 and

iO.

11. Pw..!.'"Chase of LeCroy electronics for this prototjrpe (as the electronicsexpected
to emerge 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

pointed towards an improvement in the OSU scheme for tensioning the "lire in

the straws.

13. Pressure tests of straws, showing that the straws can hold 10 atmospheres.

14. Creep tests of straws, showing that a 2-m-Iong straw subject to a 1-lb weight

stretches about 10 mils over a 2-month period. The straws also show exp&~sion

and contracting of about 10 mils during temperature shifts of looF (as expected

from the known thermal expansion coefficient).

15. Demonstration that straws could be pressurized during assembly, as an

alternative to the use of mandrel inserts,

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 high voltage

disLribution, signal transmission, and wire tensioning. Custom high-voltage

capacitors have been obtained for this.

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

offset and of deformations in the straw.

i9. Construction of several prototype straws for studies of gas gain and drift

timing. Some modules can be pressurized

20. Development of a technique using a 0.3-ns N2 laser pulse to eject single

electrons from the cathode wall of a straw.

2 I. Characterization of zas zain as a function of temoerature. oressure. and annlied
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atmosphere) is SO um resolution in Ar/C02(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 N21aser to wider regimes.

25. Construction of a precision gas-mixing system, 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-I 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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Fig. ll-3 The efficiency for cosmic rays traversing a 4 mID straw for several different
isobutane fractions in CF4.
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SHEll o/HENSION ANALYSIS AT SUPPORT STATION
Spoce~ diomete~, .1560
Conductive point. 2_0.0005. .0010
2)( s er . woLL I .0028
Spoce~ dio. com~es5ed: -.0002
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Shell width, (7.062-0), I. J271
Short diog. (8-0)= 1.2768
long diog. (13.124.0)= 2.0945
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Fig. II-6 Details of a 64 straw 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 <
1111 < 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 (lTD), 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 HI (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
,. .• T ... "'"



lTD Layout

Our "prototype" lTD is the Hi l"TlJ at hbRA which is now being installed. It

operates in a uniform magnetic fieldl l with establishe..d rlri...ft chamber gas mixtures (drift

velocity 30 to 50 J.1m ns-1 and Lorentz angles 25 degrees). The uniformity of the

solenoidal field (1.2 T) is fully exploited by employing radial wire drift chambers for

optimizedtrack patternrecognition, the best possiblemomentum resolution, and effective
track triggering. The remaining space point ambiguides a.re resolved with modl11es of

"planar" sense wires following familiar "x-u-v" orientationsl2• The high bunch crossing

rate at HERA (96 ns) is monitored using fast multi-wireproportionalchambers with pad

read-out within a bunch crossinginterval. Obviously the experiencewhich is gained with

the Hl FIn in the next two yearscan be expected to havea majorinfluence on the design
of the SOCTID.

The choice of radial wires in such a corJigu.ration has a number of advaa-,tages

which havejustified their use in the HI experiment at HERA. Those of relevance to SDC

arelisted:

1. The timingmeasurement from the transverse drift alwaysmeasures track sagitta, ,_,

even in the presence of substantial Lorentz angle, so that the most accurate
co-ordinate measurement coincides always with tracksagittain the (r-ep) bending

plane, therebyoptimizing momentum resolution;

2. The pairin2of sense wires bv connectinzeach with a correseondinz Dartner in a
- - .. - . - ... - -- tiiiil' 01; - -- - - - -- --

wedgeat roughly90 degrees yieldsfrom currentdivision a measure of the radial

co-ordinate (r) of clean hits and thus provides track space points without any

increase in thenumber of read-out channels;

3. In a uniform solenoidal magnetic field. track patternre~ognition is greatly easpA

as tracks are straight linesin the $-z plane;

4. Drift cell aperture increases linearlyfrom the innerradius and is thus matched to

greater hit multiplicity at smaller radii.

As a result:



3. in a uniform solenoidal magnetic field, the simple relationships between

measured space pointco-ordinates (r.ep and r) and track momentum from an

event vertex; namely,

ep =eBl/lPz +constant

and

r = 2 PT/eB sin [ eBz!2Pzl.
makes for a conceptually realizable track trigger.

The above advantages have greater significance at an sseexpeI'iI-nent.

Our nresentlv favoured lID confizuration Fiz. Ill-I. which is still beinz evaluated.
--.c--------~---------.--- . - fiooi' _. --

consists of 6 to 8 "supennodules" per lTD, each consisting of (possibly in downstream

order):
.... • _ .. •.• ..._.. ..,..,.. .•• ~ • _. 1"L" __ .......... rY"\,..

A "crossing tagger consisnng or tnree nnrerenuy onemea planes 01 last M vv r\..

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 wiredrift 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

length 5.2 nun, outer 15.7 mm) is as large as considered operationally feasible in the sse
interaction region environment (see below) and leads to 300 wedge shaped cells per

supennodule.

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

timedepth of 5 bunchcrossings. With 6 to 8 supermodules for each (±z) lID this amounts

to < 19200 drift wire channels and < 36000 single bit on/off MWPC latches for up to 5

bunchcrossings (total< 180000bits) per ITO.

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

experiment The momentum resolutionof of a system traversingthe full lTD in a constant

a.Xil'l field of 1.8T is found to be

ar/p2 = 0.18% Gey-l- no vertex ar/p2 = 0.025%oev-i -with vertex.

As expected it is important for full exploitation of the available fB.dI of a solenoid

and for the best possibleresolution of trackpoint ambiguity to include track points from an

inner track detector (in SOC a silicon detector). The canonical charge detenninationon a 1

TeY trackis thenachieved.

Simulation of a conservative systemconsistingof 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-1s·1

f......rst results L~ encouraging. The nature of the problem is summarized in Fig. ID-2 with u'ie

exampleof the beam'seye 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 timingprecision of 3 bunchcrossings) are kept. then the elimination of out of

time hits is almost complete. Fig. lli-2c) shows the result for the sample event already
shown. Fig. 111-3 summarizes the improvement with the crossing tagger: from 500 fully



the scatterplotsof hit bunchcrossingagainstdrift time are shownbefore and aftercrossing

taggerverification. It seemstherefore that:

1. The background minimum bias hit multiplicity at the ITO does not eliminate

manyhits fromtypical Higgs triggerevents

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

eliminating mostout of timehits.

This work is continuing to includea full simulation of the ITO includingbackgrounds due

to photonconversion andchargedparticleknock-on.

Radial Wire Chambers R&D

At SDe the implementation of sucha transverse radial wire arrayas the basisfor an

ITO poses many difficult technical problems which have yet to be fully addressed. They

derive from the requirement of nearly a factor 10 increasein the number of wedgeshaped

drift cells so as to ensure that sensewirecurrentdraw and hit occupancy is kept at tolerable

levels in the high ambient rate of an sse interaction region. Someconsiderations are:
1.A low masswire fixation technique especially at the innerradiusof the detector

2. Low mass and low volume cathodeplanes with correct resistivity for necessary

voltage gradients

3. A means of handling Joule heating in cathode planes which must carry

substantial currentwhenoperating in a highrate sse environment

4. Sense wire spacing of at most the maximum drift length (- 5 mm) for

meaningful isochronicity

5. If used with a fast gas, drift cell operation with Lorentz angles which are

substantially largerthanhitherto

6. Need for additional wire orientation or pad read-out to remove the ambiguity of

charge division measurement of the otherco-ordinate and to improve its accuracy

7. Useeverywhere of radiation resistant materials.

The above difficulties led us initially to consider alternative wire e:eometries.



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.

TABLEt

Essential operating characteristics and environment of a radial

sense wire in the SOC I1D

Machine luminosity 1()33 em-2 s-1
Bunch crossing interval 15 ns
<Nr of events> I bunch crossing (o&ot = 130 mb) 1.95
<Charged particle multiplicity I event> 612fc (unit rapidity)-1 rad-I
Maximum drift length at inner radius 50em 5.2 mm
Maximum drift length at outer radius 150 em 15.7 mm
Total ion pairs per m.i.p. at normal incidencet 50
Slope of In(gas gain) v surface fieldt 0.705 x 10-6 m V-I
Positive ion mobilityt 1.7 x 10-4m2 s-I V-I

Sense wire diameter 20 um
Sense wire surface field 260 kVem-1
Sense wire position along beam (z) 300 em

Sense wire pseudo-rapidity (h) bite 1.44 < /Ttl < 2.49
Sense wire gas gain 2 x 1()4

<Current> I sense wire 0.45 JlA
<Occupancy> per sense wire (vdrift =100 um ns-1) 0.26 (c fsimulation)
Maximum sense wire hit rate (r = 50 em) 51 kHz em-I

Maximum sense wire irradn (r = 50 em, 107 s y-l) 0.08 C crrr! y-I



Each radialchamber, and thus the firstprototype underconstruction, will include an

X-ray transparent upstream window for efficient TR detection on any of the chamber

wires. As in H1 the electrostatic fieldcage will be closedwith 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 usefulX-raydetection. In particularonly
after successful operation of the H1 FID in the HERAenvironment will the rate capability
(both signal and background) of the radial chambers and their novel features for

simultaneous electron identification by means ofTR X-raydetection be finally established.

Calculations of such radial wires in nominal position as per the layout in the SDC

EoI13 are summarized in Table 1. With 300 wedged shaped drift cells of maximum drift

length 5.2 mm at the inner radiusof 50 em and 15.7nun at the outer radius of 150em, the
currentdraw remains below 0.5~ per sensewire for an acceptable gas gain, the chamber

lifetime seemsacceptable, and calculations of the more obviouseffectsof spacechargedo

not seemprohibitive. The coupled sense wire occupancy is high but the simulations above
already indicate that it may not be prohibitive withthe inclusion of a crossing tagger.

The feasibility of such drift cells can only be established after successful operation

of the prototype chambernow underconstruction. IfefficientX-raydetection efficiency is
to be established with no ionization losseson field (potential) wires, then Fig. m-5 shows
that it may be necessary to operatewith a somewhat greaterdrift field than usual <Edrift =
1.8 kV crrrI, sense wire surface field Esurface =260 kV crrrl, wire diameter=20 J.1m) for

adequate gas gain. This may also be desirable if we are to work with a fast gas and
manageable Lorentz angle (seesection 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 (lithozranhicallv manufactured) for zas avalanchinz is as vet



lTD supermodule, the MWPCsin the lTD would then also enhancesignificantly the multi

trackreconstruction precision.

Table 2 summarizes the performance of the longest of such "wires", which is

tangential to the lTD inner radiusof SO em, for the conservative layout of 2 mm pitch used

in the simulations discussed above.There seems to be absolutely no reason for concern

over operational feasibility of otherwiseworkingproportionalplanes of such dimension in

the sse environment.

No development work has commenced yet on the development of fast MWPCsfor

an lTD.

TABLE 2

Essential operating characteristics and environment of the longest

MWPCsense wire in the SDC nn.

Machine luminosity
Bunchcrossinginterval
<Nr events>/ bunchcrossing (O'tot =130 mb)
<Charged particle multiplicity / event>
Maximum drift length (parallel to magnetic field)
Sensewire pitch
Total ion pairs per m.i.p. at normal incidencet
Slopeof In(gas gain)v surfacefieldt
Positive ion mobilityt
Sensewirediameter
Sensewire surfacefield
Sensewireposition alongbeam (z)
Minimum radialdistance of sensewire
Lengthof sense wire
Sensewire gas gain
<Current> / sense wire

<Occupancy> / sense wire (Vdrift = 50 J.Ul1 ns-1)
Maximum sensewire hit rate (r = 50 em)
....__.:_.. ...: __ :_.:In,__ ~n __ 11'7 __ ••1'\

1()33 cm-2 8-1

15 ns
1.95
6/21c (unit rapidity)'! rad·1
2mm
2mm
20
0.705 x 10-6 m V-I
1.7 x 10-4 m2 8-1V-I

20 J.1m
260kVcm-1

300cm
50 em
l00cm
2 x 1()4

0.015 J.1A
0.009
2 kHz crrr!
nnn, A'" 1 1



Fast Gas Measurements

Given that suitably fast read-out electronics can be developed so that space point
precision can be maintained at -100 um, it is advantageous (see section above)for gaseous

. - - __ - __ - - - ~ - - ... . - __ 'I..... _ .....
drift chambers in the SDC lID to have large drift velOCity (> -1W J.1m ns-& ) so mat antt

cell occupancy is tolerable. Because the driftelectric field in the I1D is perpendicular to the

(constant) solenoidal field of SOC,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 I1D wires

strung in planes transverse to the beam axis (and the magnetic field direction), irrespective

of their particular orientation, meaS1.Lrements of both t.he drift velocity and the Lorentzangle

areessential if a realistic design of wire layoutfor an TID 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 knownpositionof irradiation by a collimatedSr90 source (\3 end-point

energies 0.55 MeV 5r9O, 2.23 MeV y90) and the positionof 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 S 2T) with the plane of ionization

drift andsensewireperpendicular to the magnetic fielddirection.

The test chamber has beenoperated 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 suitabledrift velocitiesare possiblein a substantial crossed magnetic
hPln Ulhh a~lI: TT'\;ytn1'plI: Ulh;,..h ;n,..lnnp 111rap nrnnnrhnnll: nf plp1"'tTnnpallMvP ("l:.. nn,.nl"h~
...._.- 11'''' c- _.-..---- _ _._-- --c- r·-r-···_··'" _ ·----..·-0-- _ .,,_ -.
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
coupleof months of test operation.



after funher 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 urn ns· 1 is

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 SOC) 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 ~ 1.8 kV cm- I . 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, e 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.



---, ....

f-------~------

, MWI'l." pili.. '.01

schematic· not to scale
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Fig. III-2. a) Impact positions on an ITD drift chamber plane (x,y) viewed along the beam

axis (z) due to all secondary charged particles from a Higgs production event

where a good radial wire drift chamber hit is not lost due to the proximity of any
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Fig. III-3. a) Histogram of the fraction of reconstructable hits in a radial wire plane for 500

triggers attributable to Higgs production before and after verification of each hit



--_._-------------

.t 0

Drill ell.lanc. Cr!!
_______________i

t:::=!J:I): D • • • •

I
!
~

./ 0

Drltl.ellltaftC. cm

.:>

Buncn
crellin;

10 c.
7J

:.
IJ

0

.1-'

-s r

." :..
·/0

.J oJ

I
I

.........................
~= ••..

.z>
_1

I
_J

-'I
.~

.J

iune;, crolling

JJ

1J :

! -

-s

.7J 

·/0
.J

Buncn
crellin;

/0 -

Figure4 a) Figure4 b)

- , ___ ! __.... '- L



Figure 5

Fig. III-5. Small celloperating conditions su!!una.l'ized as contours of gas gainagainst WLTC

diameter for an Ar:C2H6 50:50 gas mixture; each contour corresponds to a

different product Ed.w of drift field Ed and cell width w in kV. It is clear for

small width cells it is necessary to work with substantial Ed and the smallest

diameter sense wire (205m).
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IV. ENGINEERING

institutions: Westinghouse Science and Technoiogy Center and Oak Ridge
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 systemhas been written.

2. Conceptlayoutsof the following have beendeveloped:

a) Severalconceptual versionsof the tracker
b) Severalmodulecross sectional geometries
c) Fabrication and assemblies for modules and support structures
d) Proposedalignment equipment and methodsfor obtaining

required alignments
e) Module design and fabrication for neededautomation

3. Modulesizingand 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 modulebasedcentral trackerusing strawtube technology would have advantages
such as simplicity, stability and repairability. With respect to mechanical engineering
ne"i en i ssnes. concentna1 fe~"ihi1itv has hep.n np.mnn"tT~tP.n hnt m~nv rnn('pntll~1 ~nn



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 (infmitely 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 a 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 rouzhlv 3 meters lone: are arranaed in eizht



Conceptual evaluation indicates that for several reasons including potential for

automatic fabrication and assembly, ability to accommodate maintenance and repair, and

potential for good alignmen~ 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 toierance 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 ofcomponents 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

disks shown in Figure IV-2 are fabricated on tooling while the inner and outer torsion
"..,l~"rlA~ ".-a +nh.....:...-ft.a....l ,,_ _ ",,_A.._lil'O ~T ~.L L • Ll •
"] UIIU"• .., ""''' UlUU"ClLvU VII lUClIIUl ~.;). .I.'Vll~ V.I. UJese components, LJlelT assemul.Y shownm

Figure IV-3, or the assembly of the two halves shown in Figure IV-4 are required to be

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 parallelograms, chord versus a...-c inside 8.a'1d outside surfaces, stacked versus neste.d
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.

Severalcomputerprogramswere writtento study compatibilitybetween 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 spacingbetween modulesfor support structurecan

be maintained whilereducingthe numberof missedhits to zero.

The geometry study for stereo layers is in its infant stages. The unequal radial

spacingappears to render the design of the stereolayers 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

Tne structural response of a prototypical 64 straw array module was analyzed, u'ie

results of which are summarized herein and documented in MMES Report DM-017040

001. It was assumedthat pressurecan be exertedon the straws and wire supportsby either

of the following: (a) by first warping the parallelogram shell, therebyincreasingits volume,
••• - •• ~, - , .. _£ ~ ... t~ , ! __ ....1.... __ '-_1' .... ~_.-.L ..L_



adding a .OO4-in. (.1 rom) 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 (.OOI-in/3) in the center to .OO4-in. at the outside edges. No problem in

stresses were encountered.

The resulting deflections in the straws due to the equivalent .000-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 comers. It was

determined that there was little difference (.OOO5-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 1-0 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 10-4 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 Ienath, 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).

Detector Tail Effects

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

could be included in the detector design. In conventional designs this detector tail is

cancelled with a simple R-C combination used as a pole-zero, and external passive

compensation used on the AT&T single channel preamp has demonstrated excellent

response - good enough to allow a double pulse resolution approaching 15 ns. In &&'1

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 C to achieve the desired accuracy.

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

trimmable resistors, fusible capacitors orresistors, and programmable C11&~nt sources, the

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.

Further work on this problem will be needed through the next year, but a low cost, low

power solution seemspossible.



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

examinedto date seem capableof producinga workableor even superb circuit.

The primary remainingdifficulty in discriminator design is the selectionof a method

of coupling the preamp-shaper signal into the discriminator. All preamp-shaper designs

exhibit significantD.C. offsets at their output due to process, ageing, and radiation effects.

A number of techniques are potentiallyable to compensate for the D.C. offsets:

1. Initial trim to zero - may drift with radiationor ageing.

2. Programmable injectioncurrent - easy to implementbut involves an additional

overhead at the systemlevel (connections. etc.),

3. DC feedback- complex to implementbut perhapsmost 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 fabricatedin a 1.6 rnJl MOSIS CMOS process.

Tests of the prototyperevealed a numberof design errors which are now being corrected; a

revised prototypeshouldbe available in the Fall.

Packaging

A successful readout system must not only include optimized silicon, but must

connect the active electronicelements to the detector(s)and to the readout systemin 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



TMC

. Time Memory Cell (TMC) has been designed22 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 I microsecond period. Data are read out through encoding logic and does not

cause any deadtime. The process used was 0.8 J.UD Bi-CMOS process and has about lOOk

transistors. The estimated power consumption for the 100kHz 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.

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-I.

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 I.S J.1s 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 ±100
• 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 S 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 bettercompound triggermay be found, we havea goodcandidate in hand

Interface Between Electronics and Straw Module

The Colorado grouphas completed an exercise to demonstrate in detail how the

front-end anddigitizing electronics maybe packedinto the available spacewith

interconnections to the sensewiresand to the data acquisition system. Fig. V-3 showsa

layout to match a 228 tube trapezoidal strawmodule. Two multilayer boards, one bearing

the highvoltagedistribution, the othercarrying the readoutelectronics, are bridgedby

blocking capacitors. The readout circuitry comprises bipolarchips centered over the straw

groups of four that theyserve, withTVCanddata collection (DCC) chipson thepanel

extension to the side. This work is closely coordinated with the chip designefforts at

Penn.

The circuitboards in this scheme are removable with the connections to the wires

maintained by compressible conducting rubbercontacts. We have worked out also a

design for securing the wires, supplying gas and mechanically connecting the circuit

boards. Ideasin this area are shared backand forth with the Indianagroupand others.

One of the issues that we haverecognized in the courseof this designworkis the

importance of minimizing thematerial contained in thechamber end structures and

electronics. Substantial changes in our system designconcepthave been motivated by this

concern, and it has been helpful to haveat thisstagea reasonably detailedpictureof this

part of the detector.

For moreimmediate application we havedesigned and are nearlyreadyto produce

connection boards to interface 64-cell Indiana prototype strawmodules withcommercial
preamplifier-discrirninators (or anyothernon-integrated readout packages). These will
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VI. COMPUTER SIMULATION

Institutions: Indiana University, University of Colorado, Lawrence

Berkeley Laboratory

Introduction

Computer simulation workwascentered on the areasof simulation of thedetectors

themselves, evaluating the performance of the detectors, and patternrecognition and track

fitting studies. We use ISAJETto generate eventsand GEANT to simulate the detector.

Although members of thiscollaboration havehadconsiderable experience simulating sse
tracking, therehave stillbeeninefficiencies due to reorganization and startup of new

efforts. Mostof this workwasfunded withDOE generic detectorR&D or institutional

money.

Simulation at University of Colorado

Someconsiderable startup effortwasrequired to learnhow to build the CERN

program libraries from source code, chase bugsin unfamiliar code,etc. We now have the

ISAJET and GEANT packages working on both the VAX8800and on the DECstation

cluster (currently two DS3100's sharedbetween this and the CLEOeffort). We have

started with a drift chambermodeldeveloped by Hanson, Palounek, et aI.

To get an accurate pictureof thebackground for tracking we haveset up to

superimpose minimum-bias eventsfrom nearby bunchcrossings, and to convolute the

bunch structure, timeof flight, propagation and drift timedelaysto seejust what

background hits underlie the signal. We showa preliminary result in Fig. VI-I. Plotted
thereare the hit arrival timesfor ±7 bunch crossings around a Higgsevent occurring in the



peakcomes from a fluctuation in which five minimum-bias events occur in a crossing

preceding the one of interest

We have begun work on segmentfinding algorithms and have code to measure their

reliabilityand efficiency. We are also looking at the azimuthvs. curvatureclusteringof

segmentsthat belong togetheron tracksagainst the backgroundof nearby real or fake

segments.

Simulation at Indiana University

The simulation work at IndianaUniversity was hamperedbecausethe genericR&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-timeperson

to work on simulation. We are now searchingfor such a person and expect to have

someonestartingthis Fall. Most of the work was done by a part-time computer science

graduatestudent funded by the University.

The simulation at Indiana is carriedout on a VAX 6340 computer.Hanson

previously had the code runningon the IBM 3081 at SLAC, and some changes had to be
made in transporting it, particularly in the commandfiles, We also moved from OEANT

3.11 to OEANT 3.13. Various bugs were found and fixed in the process. We also had to

buy OKS for the displays. The packages are now working.

The accomplishments at Indianawere:

1. An automatic procedurewasdeveloped to generatethe hits from both the

minimum-bias background events and the event of interestat the same time in

GEANT.First a file of generated minimum-bias events is created.Then from
withina driver ISAJETis called to generatethe 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 timewe 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

systemfor the sse. The system will includea complete design for both the central tracking
systemand the intermediate anzle traekinsz: svstem. with momentum. measurementover Inl ~.. .... ~ fIT·· - - ••, ~

2.5 in a solenoidal magneticfield. 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 superiayers

in order to provide local track segments, Such concepts will also playa role in the

intermediateangle region. We are designing endplates for the straw tube modules to allow

the connection of high voltage, gas, and electronics. We are investigating a support

structureand developing techniquesfor precise mechanicalalignmentof the entire tracking

system. Mechanical design studies also include evaluation of materials, thermal studies,

and engineering studiesof fabrication processes.

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

We are building on Lite R&D L'lat is being cL"'Tied out for more general front end systems.

Triggering electronics is also being developed for this system, although we are not

requesting funding for the triggering electronicsas part of this proposal.

We propose to fabricate full-scale prot0t)'Pes of sections of chambers for both the

central and intermediate angle trackingsystemsfor 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

electronics. To this end we will be building protot"jpes to study various elements of the

designs. We will test prototypes of front end and triggering electronics on prototype wire

chambers.We will investigate the layout and interfacingof the electronics on the chamber,

includingany on-chambersignalprocessing.

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



for the sse will probably be less thLI1 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 sse detector.

We have already made substantial progress on the R&D for an sse 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 sse 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 sse 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.



n. 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 sse 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 sse beam pipe the cells must be no larger than 4 mm. On the other

hand cells much smaller than 4 nun 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

National Laboratorj. They will be assisted by Indiana University. This work is also
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 em 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 fmalized 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 a 2 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 time. The requirements of sse detectors are consequently sufficiently



A test drift cell with uniform electric field is being consttueted. It will be placed in a

uniform magnetic field using a rese.a..rch !!1agnet in operation at Indiana University. The

research magnet has been tested at fields up to 2.3 T . It appears that the field unifonnity

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.

3. Begin design of a mechanical alignment bench for testing resolution

over larger distance scales.

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 machinedm~ndrel~ and mold~, Thi~ level of support is further outlined as

follows:

Deveiopment or A Termination End Piate

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

provide tension supportfor the strawtube chargedwires. The secondwill be iO inco.qJO.ri:lie

resistor/capacitor features whichwill decouple the electrical pulsesfromwire to wire.

This end platedesignis ongoing and will attemptto attainseveralgoals.The flnt 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, (calculatedat

an 8 x 32 strawcell 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

conductive plate will caui u'ie series resistor 2,000 volt potential to the edge of the end

plate. A two-sided aluminized "Kapton" film willbe attached to the aluminum plateon one

side, and to the straw tube "ground" on the other side, providing capacitance. The film

dimensions will be designed to achieve a 12.8of (50 pf x 256 straws) performance.

Material & Design Consultation

We will provide consultation for plastic molded and composite fabricated

components based upon our industry expertise. This consultation will be extendedtoward

any plastic or composite component that we can contribute on, including Indiana and

Westinghouse requesters. The level of support may vary according to instructions by

Indianapersonnel.

Tooling Support

We will provide toolinE suooort for two main comnonents. the termination end



·Tool design laid fabrication consultation will also be extended toward allY other
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 is

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. etc.

Plans for funher studies:

1. Search for better gases (for SSC) (non-flammable. non-hydrogenic,

inexpensive. etc.

2. Better understanding of aging reactions, to gain insight into suppressing them

(especially effects of oxygen and oxygen-containing compounds).

3. Qualitative and Quantitative understanding of mechanism of breakdown

suppression by water vapor.

4. Continuing Stl.1oies of strawtl.1bes: resolution. oriJ't velocitiesof ca.l1nidate gases.

optimal operating conditions, design and fabrication

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

designs. etc. (Example: clarification of gas heating just described.)

Princeton University

We present a brief summary of work accomplished at Princeton University in FY
1990 towards a straw-tube tracking subsystem with precision spatial resolution at the sse.
A budget of $195k is proposed for FY 1991 to continue this work. We seek an additional



CAMACIDCs for 784 channelsfrom PREP. but amplifierlshaper/discriminators for only

48 channelsunless more becomeavailablevia the SSC Front-EndElectronics Subsystem

effort.)

Mechanical assembly procedures will be studied in more detail. requiring fixtures,

and clean work space on a larger scale. We should set up a second straw-tubetest station

in the assembly building, which requires a second gas system. computer. CAMAC crate.

and variouselectronic test equipment. We wish to continueour efforts towards an online

gas analysis system. both for proportioning of the gas mixtures. and detection of trace

contaminants. This will require a substantial investment in stainless-steel plumbingand 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 Is.sues

We have summarized the majorR&D issues for the straw trackingsystem. The particular

areasof research are indicated, and the activities of our group are sU!!'.J11aa";aZed

Drift cell

Issue: Attenuation length
The presentattenuation lengthis 4 meters. For long
strawapplications lessattenuation will allowlower
gas gain operation.

A "D" nr D flyn. 'T'h'~"~.. ~"thM~ "t~"''' ,., ...~.., .,......... 4=;1 ....."
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larger signalwires.

Action: Kapton CLad lowerresistance materials now being used
for straw production. Newcells constructed at Indiana
University in Fall. 1990.

FastIssue: non-flammable--_ .. gas



Issue: High rate effects
The drift cell recovery time andthe tail cancellation electronics
must be optimized for minimum dead time,P.r~ndy a.l.5 ns
recovery time is assumed in occupancy caicuranons ana It seems
realistic.

Area of R&D: Investigatepossible high current effects. Esta~lish
maximum current drawlimitwith radioactive sourceand
beam tests. Must look at prototypeelectronics.

Action: Use 64 straw modules which will be ready in the Fall of 1990..
Electronics neededfromPenn. Must schedule beam (Indiana
University Cyclotron?) Must alsoexamine 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 Ii trapezoidal geomettY for the straw
modules. but we need to-examine alternatives that-willhavea
uniformtrigger efficiency and a low (or zero)hit loss at the
boundaries for stiff tracks. This needs to be done with theconstraint
of maintaining the 10mil wall thickness.

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

Action: ORNL study under way for 64 straw module with comparison
of first production shell in Fall of 1990. Followedby full
lengthstudyand construction at OR..NloJ 91. Westinghouse win
begin a 3D modelof system Ln Fall 90.

hsue: Straw alignment
The shellsof tilemodules mustbe thin,but at L'le SL'lle time must
hold the strawsstraight. Holdingstraws on mandrelsand bonding
duringconstruction shouldinsure straightness. Small prototype
measurements indicate strawswill self align to about2 mils.
..".,... • ~ ~ 1 • 1. A· •

& uIS IS 3.&'1 L.'11portL'1t Issue Aor IrIVUU£8r concept 'W1ul ullect Impact on
momentum resolution.

4~rea of R&D: Finite element studyof compression of straws and
support.s in Lite module shell. Direct measurementsof
_&..--. ... _--!__ ~ ..._ ....... -, __, __ 1'__~ , JI. _ •



Issue: Optimum module size
Presentmodular sizehas beenoptimized for eight superlayers. It
needs to be looked at for "descoped" version..4 possible
layoutexists, but it is not elegant, especially for stereo.

Area of R&D:Study module construction techniques. Examine impact
on electronics modualization. Studyeffects of possible
track lossat boundaries and in stereolayers. Look at
possible module sizechange withsuperlayer. Re-
examine therequirements for 8 straws/layer (more,I1ess).

Action: ORNL studyunderway for modulestructurestrength, sag.
ORNLdesign for construction of module in 91. WTSC study

. of module layoutand stereo position with3D modelis
underway. Simulation win be re.qnlTe.d to opti!I'ize t.hesuper
layer thickness (Colorado, Indiana)

End plate

Issue: Minimum material end plates
Several designs nowhaveacceptable material in end plates, but
muchhinges on capacitors. Prototype construction is valuable.
Thishas impacton superlayer geometry andinterface to forward
region.

Area of R&D: Determine if termination capacitorcan be built into
wiresupport. Simplify theend platedesignand find nonmetallic
components. Design the z=O end for minimum dead space.

Action: ORNLstudyof end plates underway. 3D model will be nroduced.
Los Alamos is workiIig on a design of termination low mass·· ...
Indiana prototype of end platesunderway. Colorado design of
printed circuit electronics is underway.

Issue: "Utilities" optimization
Material budget notcomplete until thisis worked out.
Cooling andelectronics powerrequirements willhave
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. Workout signal outputs and
structure.



Ill. INTERMEDIATE ANGLE '!'RAl.:KING R&D

Institutions: University of Liverpool, University of Glasgow, Rutherford
Appleton Laboratory

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 abie to optimize the

somewhatconflictingrequirements of multi-track reconstruction and X-ray detectionfor an

sse environment. Such a procedureproved very effective in the early stages of the design

of t.~e HI FID. The sLrnulation will be developed to include:

1. chargedparticleknock-onand photonpair conversion in all upstream material, in

particular L'1 the beam pipe, L'1 t.~e cen~l track detectors (straws or fibres in SDC); and in

the inner trackdetector(silicon in SDC)

2. the detailsof any inhomogeneity in the solenoidmagneticfield and their effect on

both drift chamberoperation and trackreconstruction
3. a more realistic set-up for a crossing tagger with the hope of evaluating the

minimal requirements for a fast signalfrom such a device

4. a. more realistic set-up for the radial chambers for the purposes of trigger

simulation in an sse experiment and for a more realistic evaluation of reconstruction

efficiency and precision. We will then be able to study in detail the feasibilityof particular

Intermediate TrackingDetector~n1J) layoutsand to evaluateand comparetheirefficacies as

a charged track detector with electron identification when operating as part of the overall

inner trackingof an sse detector.

Chamber R&D

Radial Wire Chambers

The R&D work outlined 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 dEldx measurement, in the lTD.

The problems associated with the design of radial chamber modules for the SDC

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 sse is established with our

prototype.

In FY 1991 we expect to have unique data from ourraclial wire chambers in the HI

Forward Tracking Detector (FID) 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 playa 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

I1D requires a considerable program of Rand D. None of the lJK groups in the F{ 1990

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 lID. A construction and test program would then follow.

Fast Gas Measurements

Our program of fast gas measurements will continue throughout FY 1991. Apart

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 RLl14 analogue pipeline chip as a basis for I1D chamber read-out. It would be

used in a hybrid which includes a qualit"j analogue shaping ~U'cuit and di~liminator plus a

digital TOC 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 sse. 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
c) 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 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

Task 4

TaskS

Task 6

Task 7

Task 8

Developthepreliminary composite supportdesignmaterialproperties
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order to developvalidrequired finiteelementmaterialproperties.

This work is a prerequisite to Task 4.

Analyzedeflections of module layoutwith stereousing3D finite

elementcomputeranalysis.

Investigate an alignment measurement tool design.

Investigate manufacturing and auto assembly.

Developa 3D model for integration study,

Assist the subsystem collaboration in developing costing.

The deliverable wouldconsistof:

1. Conceptual design layouts that result for the design and analysisefforts.

2. Requirements, specification, and procedures developedas part of the effort.

3. Conceptual and preliminary engineeranalysis, summaries, and conclusionsthat

result fromfinite elementand classical analyses.

4. Input to a final report.

Since this program is in its early stages and many unknowns still remain, this

Statementof Work and its associateddeliverablesand 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. It is 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 playa significant structural role in
I
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To suppon 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 suppon 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 suppon of each module has not yet been finalized
and will strongly affect the design.

Area of R&D: Study the suppon 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 desizn. An assemblv studv wm M



Area of R&D: Look at alignment requirements. Study stabilityof
structure and module suneorts. Set temperature
variation requirements. iDvestigate alignment and assembly.

Action: WSTCwill develop 3D modelfor studyFall 90. Finite
element analysis will begin Fall 90. ORNLwill set
requirementsfor the module alignment andWestinghouse will work
out the assembly and alignment techniques in 1991.

Issue: %=0 support structure
Difficult feature of modular design is the z=O region. We must
try to reduce material andkeepdead spaceverysmall.

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

Action: ORNLdesignof module to beginFall 90. WSTC 3D
model in Fall 90 and moredesign workon this area.
Simulation of material anddead spaceat z=O must be done.
Los Alamos will design lowmass terminations.



v. FRONT END AND TRIGGERING ELECTRONICS

Institutions: University of Pennsylvania, KEK, University of Michigan,
TYn:"APc;t" nt l""nlnrarln
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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

developmentof custom integratedcircuits 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

versions (for instance single channel L'1d 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 quantitiesof the final integratedcircuits.

The TMC development will continue at KEK. We are not asking for funds for the

KEK work in this proposal.

Trtzaerlna Electronics...... -
The Michigan group will continue to test the first group of synchronizer chips. In

particular we will test the sample-to-samplevariation, the auto-calibrationcapabilities, 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 I 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 sse. 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. Simulateperformanceof trigger.

7. Develop some short-cut methods to improve our understanding of how reliable

the patternrecognition will be.

8. Integratetracking simulation into overalldetectorsimulation.

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 measurementwithout going through the

full simulation, pattern recognition, and track fitting steps.



VII. PROJECT ORGANIZATION

Contact Person: G. Hanson

The projectcan be broken downinto the following tasks. For each task we list the

participating institutions andcontactpersons.

Central Trackin~ R&P

IndianaUniversity - 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 LinearAccelerator Center- 1.Vavra

Princeton University - K. McDonald

Intennediate An~le Trackin~ R&D

University of Liverpool- J. B. Painton

Universityof Glasgow- D. H. Saxon

Rutherford Appleton Laboratory - N. A. McCubbin

Westinghouse Science and Technology Center- R. L. Swensrud

Oak RidgeNational Laboratory - T. Ryan

FrontEnd andTIi~~eIin ~ Electronics



Computer Simulation

IndianaUniversity - 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 11/90
Assembly of 64 straw modules 10/90
Complete evaluation of efficiency, resolution 3191
High rate beam tests of 64 modules 591
Endplate electronics layout for full scale 4191
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 4/91
Resolution tests vs. Z for full length module 10/91
Complete construction of second full length module 11191

Los Alamos National Laboratory
Finish 1 meter mandrel 11/90
Low mass termination 11191

Intermediate tracking R&D

Computer simulationof cell 1/91
R&D on materials, gases for lID 3/91
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 6/91
Prototype fast chamber 11191

Engineering

Westinghouse Science and Technology Center
Complete conceptual layout module geometry 10/90
3D Euclid model of support system, modules 11190
Finite element analysis of structure 1191
Alignment measurement tooling design 4191
!?eve1op costing.ff?r c~~~ tr~ker 4191



Ui90
11/90

1/91
6/91
6/91
5191

11/91

Oak Ridge National Laboratory
Full scale module engineering design
Analysis of prototype
Endplate design complete
Utilities layout
El~U'Onic cooling design
Assembly of full scale shell
Complete analysis of full module

Front end and Triggering Electronics

Single Channel Preamp/shaper in package 10190
Two channel PIS in package 12190
4 channel PIS in package 2191
4 channel Discriminator in package 2191
4 channel P/S/Disc in discrete package 4/91
4 channel P/S/O for multichip module tests 7/91
~in 0'1,. l"h~nn,.l nt'ntn.."MIr'1J1~ T;n n~,.1r..O'. ...1_"IQO_.-..~- _ .........~ ........ yA"'''''' ....... '"'""f4 ..... .,....'-' ....... y .....,~ev __
Single or dual TVC/AMU, full logic in package 4/91
Rad hard 4 channel P/S/D 4/91
Rad hard 4-8 channel TVc/AMU, full logic 10/92
Fnll MnltichJp Mnrfule Assembly- ne-ar 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 10190
Develop short-cut methods to evaluate

pattern recognition performance 4/91
Integrate tracking simulation into overall

deteetor simulation 4191
Provide parametric simulation 4191
Simulate trigger performance 10/91
Study pattern recognition and

track segment finding algorithms
in complete system 10191

Study track fitting for entire system 10191
Study occupancy and performance as a function

ofcell sizes, radii, and number of layers 10/91



IX. BUDGET



FY91 SUBSYSTEM BUDGET LISTED BY INSTITUTION

(funding for FY90 shown for comparison)

INSTITUTION

IndianaUniversity (see note 1)

Westinghouse S.T.C. (subcontract to Indiana University)

University of Liverpool (subcontract to IndianaUniversity)

Subtotal for IndianaUniversity

University of Colorado

Oak Ridge National iaboratory

Lawrence Berkeley Laboratory (see note 2)

Los Alamos National Laboratory

University of Pennsylvania

Princeton University

Total Budget

1. FY90 funding for 1U includes $31OK generic+ $15K subsystem

2. FY90 funding for LBL includes $50K generic + $5K subsystem

FY90 FY91

$325,000 $399,406

62.000 4(\1000._-,---
50,000 78,774
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73,000 360,750

60,000 369,000

55,000 65,000

40,000 65,000

50,000 155,000

135,000 160,000

.~

$850.000 $2.113.930, -.,. - ,_.- ,. .



FY91 SUBSYTEM BUDGET LISTED BY TASK

Central tracking
Indiana University
University of Colorado
Los Alamos National Laboratory
Lawrence Berkeley Laboratory
Princeton University

Intermediate Tracking
University of Liverpool

Engineering Research and Development
Westinghouse Science and Technology Center
Oak Ridge National Laboratory

Electronics
University of Pennsylvania
University of Colorado

Simulation
University of Colorado
Lawrence Berkeley Laboratory
Indiana University

Total Budget

332,839
162,338
65,000
60,000

160,000

780,176

78,774

461,000
369,000

830,000

155,000
162,338

317,338

36,075
5,000

66,568

107,643

$2,113,930



INDiANA UNIVERSITY

1. 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

2. Fringe benefits

3. Supplies

a. Composite modules
b. Straws and wire supports
c. Gas supplies
d. Assembly supplies

Total Supplies

4. Equipment

a. CAD software
b. CAD workstation
c. 2 MACn terminals

Total Equipment

s. Travel

30 trips to meetings @ $1000/trip

6. 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



WESTINGHOUSE SCIENCE AND TECHNOLOGY CENTER

1. Senior level mechanical engineer
8/12 year (1280 hr.) $131,000

2. Senior level composites engineer
2/12 year (320 hr) 32,000

3. Senior level designer
6/12 year (900 hr) 102,000

4. Draftsman/designer
6/12 year (900 hr) 64,000

5. Materials technician
4/12 year (640 hr) 45,000

6. Materials 63,000

7. Travel 24,000

Total Budget $461,000



UNIVERSITY OF LiVERPOOL

1. Engineering Physics Support

a. Physicist-engineer for design, construction and testing
of ITD drift chambers

-full-time salary for 12 mos.
-fringe benefits

b. Trainee physicist-engineer (part-time)
-salary including fringe benefits

Total Engineering Physics Support

2. Equipment
-for chamber prototype tests

(includes consumable items)

3. Travel
3 physicists each to make 2 trips to U.S.

-air travel @ $738 ea.
-7 nights subsistence @ $100/day

Total Travel

Totai Budget

$30,704
8,042

5,400

44,146

26,000

4,428
4,200

8,628

$78,774



UNIVERSITY OF COLORADO

.,- 1 . Salaries and Wages

a. Research associate (to be named) $15,500
(50% time, 12 mos.)

b. Design engineer (G. Schultz) 24,600
(50% time, 12 mos.)

c. Graduate research assistants 16,000
'" ~ ,.""",.- _,. __ "" __ .. "",.",.... I!' _ '" ~ _ ,

. \ 1 (gJ ~V'7o nme lor '.J mos, 1W'70 nme lor ~.:J mos.)
d. Undergraduate student assistants 28,000

(2 FrE, hourly basis)

Total Salaries and Wages 84,100

2. Fringe Benefits 6,400

3. Suppiies and Materials

a. Equipment repair and maintenance 3,000
b. CAD software upgrades 2,000
c. Laboratory supplies 1,000
d. Materials for fixtures, etc. 1,500
e. Electronic components, connectors, wire, cables, etc. 3,500

Total Suppiies and Materials 1 1 nn.n.
.l.l,\NV

4. Equipment
~ .....

For electronics interface 55,000a.
b. For prototype fabrication 97,900
c. For drift chamber readout 15,000

Total Equipment i67,900

s. Travel
Domestic; to coordinate collaborative R&D effort 30,000

6. Other Direct Costs

a. Machine shop time 4,000
b. Publications 500

Total Other 4,500

7. Indirect Costs
41.8% of MTDC 56,850



OAK RIDGE NATIONAL LABORATORY

1. Design

a. Prototype
b. End plate
c. Module assembly concepts
d. Electronics - .
c. Cost estimating/planning

Total Design

2. Fabrication

a. Prototype
b. End plate

Total Fabrication

Total Budget

$52,000
45,000
23,000
38,000
23,000

181,000

150,000
38,000

188.000

$369,000



LAWRENCE BERKELEY LABORATORY

1. Wire AgingTests $15,000

2. Plasma Studies 15.000

3. Straw TubeTests and Measurements 30,000

4. Travel for computer simulation 5,000

Total Budget $65,000



LOS ALAMOS NATIONAL LABORATORY

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

2. Materials and Services

3. Subcontracts, Major Procurement
(T.E.P. Injection Mold, w.e. Injection Mold)

Total Budget

$10,000
5,000

5,000

45,000

$65,000



UNIVERSITY OF PENNSYLVANIA

1. Engineering (1.0 r 11::.)

2. Technical support (.25 FTE)

3. Test equipment

4. Supplies

5. Travel

Total Budget

$100,000

15,000

20,000

10,000

10,000

$155,000



PRINCETON UNIVERSITY

1. Metallization of cathode foils, winding of straw tubes

2. Components for straw-tube end plugs

3. Fixtures for straw-tube assembly

4. 4' X 8' granite surface plate

5. Supports and alignment tools for straw-tube modules

6. Flow and pressure control for 3-component gas mixtures

7. Stainless-steel gas regulators, fittings, tubing, filters.etc.

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

9. PC-clone computer, CAMAC crate and interface

- -10. Test equipment for front-end electronics:
amplifiers, ADC, TOe, etc.

11. PRA LN103 nitrogen laser and spare parts

12. I-GHz, 2-Gsamples/sec digital osciloscope

13. Research-grade gas chromatograph. columns.
multiport valve - . -

14. Trace oxygen and water analyzers

15. 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

" ..... ......... __ ... ~_ "" ..., n .... _.-....!_ or.., ", ,....., 'n ...
\,,;. rxeyman, K. roster. u. nanson, D. MaruIl, n. vgrc;n, lJ. AU:iL

sse R&D Group

Indiana University

1) Introduction

We are investigating the the feasibility of continuous cathode drift chambers using
aluminized mylar walls ( straw chambers) at the SSC. Several drift chamber desi~us using
small diameter ( 4 nun) 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 impose many new demands. The high crossing frequency of the SSC
win a require using the very fastest gasses in these chambers. These gasses must be studied
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
straws.

2) Description of detector

The drift chamber constructed for this series of tests was a six tube array with a lenzth of
40 cm as shown in Fig. 1. The straws were fabricated by Precision Paper Tube Company.,
Rockville. lit. 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
overlanoina Ditch and bonded by an annlication of zlue between them. The resulting tube is
gas tight, and robust enough to handle easily. The inside diameter is 0.157 in or 4.0 mID.

The anode is a gold plated tungsten wire 25 ~m in diameter. It is tensioned and held
centered by two Delrin pins inserted in each end of the straw. The Delrin pins are inserted
into an aluminum gas manifold, which positions the wires and provides i robust
mechanical support, The triangular gas manifolds sit in a precision V groove that is
machined in a long aluminum bar. The V groove aligns both manifold ends and holds the
straws in position. Mechanical tolerances for the construction were about ± SO IJ.I11.

1
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Fig I Test array of six Strawswith 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
£t\I\ .1" .'L..__ ...L_l~ :_._ Cf'V'\. n ......"" ...._~ +_ &_-... ~:ro~......: .. ",._~ r-:,., .... f!!olro ~",.p ."'_ TOt"' on...uvv t-A. Y UUl;;;;'UUlU lULU .JVV ~". WA;> U;'l;;;U LV lVllll Ul;',",llUIUUU~ iU6"CU;' lVl L",", ...,""......'"'

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

4). Efficiencies of 4 mm Straw Tubes

We anticipate that with typical ionization constants that there will be about 40 electron-ion
pairs produced by a minimum ionizing particle in a 4 mm straw. Electron 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
C02(l0%)-CH4(I%)}. CF4(99.9), and CF4-Isobutane(20%, 10%. and 5%). These were
TnPl'lCIlTPn l'lt jl\()()IIV intn the ~oon innut resistance of the nreamn, which was the lowest
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The data for Ar-Ethane (50%) and for HRS gas are show in Fig 2. HRS gas did not
plateau before the tubes began drawing C\11Tent above 1350 y. Ar-Ethane(~O%) reac~ed
95% efficiency and appeared to plateau before 1700 V where It began drawing excessive
current

A Argon-Ethane(50%)
C Argon-C02(1 0%)-CH4(1 %){HRS}

Thresold 0.6mV

170016001400 1500
Tube Voltage(V)

, ,

1300

1001
I

80

-i!-->- 60uc
CD
U- 40w !

20

0

1200

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
electron attachment. As has been reported in previous studies 1 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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C CF4-lsobutane(20%)
6 CF..-lsobutane(10%)

~ ..
N CF4-lsobutane(5%)
e CF4(99.9% pure)

Threshold O.6mV

1800 1900 2000 2100 2200
ii'.
2300

Tube Voltage(V)

Fig. 3

The efficiencies for CF4 and CF4-lsobutane were tit to the function:

£{)
-(v-a)1. _

11'"e b

£(V)-::::::----::;.-

The values for £O, the asymptotic value of the efficiency, are:

CF4 (99.9%)
CF4-lsobutane(20%)
CF4-Isobutane( 10%)
CF4-!sobutane(5%)

89.8%
98.2%
97.1%
95.5%

We also have made a number of more incomplete (quick) measurements on several
nonflammable gas mixtures, These are shown L'1 Fig. 4. HRS gas mixed with 50% CO2
shows an efficiency of 95% and a plateau point near 2000 Volts. Argon-CF4 (50%)
mixture reaches only 87% before drawing current, and CF4-CQ2(l5%) has an efficiency of
85% at 2250 Volts.
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Fig. 4 Efficiency measurements

5) Gain of 4 mm Straw Tubes

/"",,"",, The gain of the straw chambers was measured for four different gas mixtures: AI-
Ethane(50%), CF4(99.9) and CF4-Isobutane(20% and 10%). A Fess source was used to
produce at constant pulse height signal. The Fe55 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 Fessgives 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 J.1Sec, 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 AI-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 1()4 at
2000 V ( at the beginning of the efficiency plateau).
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I
2000

I
1800

I
1600

o Argon-Ethane(50:50)
o CF4(99.9)
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A CF4-lsobutane(90:10)

I
1400

Voltage

Fig. S Gain in 4mm strawwith2S J.1 sense wire

6) Resolution

The resolution of the middlelayerof straws was measured with cosmic rays using the same
6 straw setupdescribedpreviously. A track was fined through straws 2 and 6.(seeFig. 1)
The distribution of the residual between the trackfined 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(SO%) and HkS gas are shown in Fi~. 6. Both gasses
showed improvement in resolution as the voltage was increased, but-the rather poor
values (150-200 J.1) probably aredue theeffectsof poorclusterstatisticswhich is reflected
in the efficiency. Improvements in our drift timemodel for the gasses uJght also improve
someof the resolution effects.
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The resolutions for CF4 and CF4-lsobutane(20%-lO%-S%) are shown in Fig. T, 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 ofpure CF4 represent the 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 um on the plateau, was
the smallest of the CF4 mixes. We believe that part of the relative performance of the CF4
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7) Drift Velocity

The short~e (16 nsecjbetween bunch crossings at the S~C dictates the use of a gas with
~ hlO'h rlrift v,.lnrltv WI" h~v,. lnnlr,.rl ~t ~ nl1Ynhpr nf a~~c:,.c: Ulh;,.h ft'\; nht h .. " .. th ..
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Thefull widths of CF4 andCF4-Isobutane(20%. 10%. S%) rangefrom 18 to 22 nsec for a
2 mm drift, making any of these gasses suitable for the sse. They are shown in Figures
12, 13, 14 and 15. We do not yet understand in detail the shapeof these distributions.
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Drift Tune(nsee)
Fig. 15 CF4-Isobutane(5%)
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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-C02(50%) this mix was an
approximation to Ar-C02(50%). As can be seen in Fig. 16 this gas has a long tail which
may in pan be due to its unsaturated drift velocity .
Another CO2 mix we looked at was CF4-C02(l5%). As can seen in Fig 17 this gas has a
full width of 28 nsee but like Ar-C02(50%) it also has some events at longer drift time.
We also measured Ar-CF4(50%). This gas has a fast drift time of 24 nsee as can beseen 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 mmdiameter strawdrift tubes. A gas
mixture of CF4 -Isobutane (20%) would appear to satisfy all the requirements for a fast
detector at sse. This mixture has full eficiency at 2000V, a gain of 5 x 1()4 ,an intrinsic
resolution of about 100J.1, and a drift time ofless than20 ns in a 4mm diameter straw.
However, we wouldmuch rather usea nonflammable gas in the tracking system. We will
continue to explore othergasmixtures.
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Wire Stability tests on 4 mm Straw Chambers

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

sse 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 attractive force per unit length on a wire element displaced by afrom the center line
of the cathode:

F- 21teQy2a
[ln~)]2R2

, (1)

where Y= voltage, R= cathode radius, r = wire radius, a= 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

(2)

where L is the wire length (meters).

For a 2 mmradiustube anda 12.5 J.L radius wire this conditionis

T> 5.6xlO-6y2L2 gm force (3)

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.



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

FTOT = 21t£o~2 21
L

(Asin(xxIL)+A)dx
In(Rlr) R 0 (4)

The resulting tension in the wire is

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

A= ltA = ItA
2( T -1) V02

5.6xlO·6 V2L2 2( y2 1)
(6)

where Vo is the stability limit for zerodisplacement from Eq.3.

This amplitude function, A ,is shown in Fig.I for a 1 meter long tube and a wire tension
of 40 grams.
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r< Notice thatifwe set a limitof 100J.I. maximum amplitude,A, then we can find the
relationship between the offset errorand voltagelimit. For instance, suppose we could
construct the tubeassembly with a maximum offsetof 50 J.I.. This formula then limits the
allowable voltage to VNo = sqrtf 1/(50nO+l)=O.7. Sincewe 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 spanof 1meter,we find the required tension = SO grams.

3.) Measurements of stability

We have attempted to verify these expressions by performing a numberof optical
and electrical tests. The first test was with a 2.1 m lengthstrawthat was tensionedand
positioned vertically witha central wire2S J.I. in diameter.The tension of the wire was varied
and the voltage recorded at the onsetof instability, ( when the supply tripped!).Oscillations
of the~ were observed at instability when the tubewas unsupported. Four support
pointswereadded to stop the oscillations, but as can be seenfrom Fig. 2 we were far
from the theoretical limit.of 26 grams forceat 1000 Volts.

Iwithout supportl

20 1008040 60
grams tension

Fig. 2 Stability measurement

12.1 meterI
1000

800

~
600

0
> 400

200

0

0

Weknowfromfurthermeasurements that theproblem was in the methodof .
positioning the straw. In our initial testswe had tensioned the strawon a verticaljig and
thenadded up to four gluejoint contactpoints for transverse stability along its length. We
nowknow that a muchmore accurate method mustbe usedfor positioning and holdingthe
-.&..----- '&' __ ...L_! __ .~t·.·~ _-. ~. _. ~. .. ........ . ill _ill •
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Fig. 3 Measured wiredisplacementfrom center vs voltage
for a 2 meter straw with unsupportedwire at 100 grams tension.

In order to improveour 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 ~ The
wire was positioned at each end with x-y translatorscapable of 25 J.1 accuracy. The totai
length of the wire was l.rn m. The wire tension was set at 40 gm for all the
measurements we report here. This results in a catenary sag of 20 J.1 which we ignore.
CO2 gas was flushed through LJte straw to suppress HV discharge.

We first experimentally determined Ll)epositionOfrr~LYI1Um stability.This was done by
translating the wire and testing the highvoltage limit of stability. This corresponded to a
maximumof 2500 volts ~71d was taken to be the central axis of Lite straw. This is 8% lower
that the theoretical limit,but a considerable improvementfrom the unsupponed
measurements. It probablyreflectsthe residual misalignments in the straw positioning.
Then the wire was translated horizontally in a series of steps to investigate the changein
stability, AgaL"J tie stability point wasdeterminedby the wire SnappL'1g over to short to the
cathode.We found that the maximum voltage point dropped by about 100volts for every
SO J.1 of horizontal displacement, of the wire. This is shown in fig. 4.
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We can compare this to the wodel for instability in Eq. 6 by assuming a maxhliwll
amplitude, A= 400 J.1, before the suddennonlinear onsetof instability. This plot of the
voltage limit vs wire displacement is shownin Fig. 4. The match to the data is reasonable.
Thus the model expressed L~ Eq. 6 can be assumed to be correct up to maximum
amplitudes of about 400 J.1. After this point the forces are no longer linear and
the wirerapidly goes unstable.

4.) Conclusions
,

One of the conclusions of this study is that for strawtube constructionwe must align the
cat1lode st:!'1Jctures to a precision better t1lan 100J! if weattempt stable, unsupported wi..res
spans of 1 meter. Thus the requirements on the strawalignment is comparable to the
precision requiredfor wire placement.

We should mentionthat we have developed 2 a w-k supportmechanism that is simple
and easy to implement. It may be that using wire supports every 50 em would lead to a
more conservative design and less restriction on tension and voltage.However we have
yet to establish the requirements for gain stability, d vs 1, variations. and attenuation.

References:
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A wire support design for Straw Drift Chambers

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

SSC R&D Group

Indiana University

1) Introduction

Straw drift chambers have been built and used in experiments for the past eight
years. Straw lengths up to 80 em and straw diameters as small as 4 mm have been used
With the smallest diameter straws, and with voltages of more than 2000V , electrostatic
stability becomes a problem. The design of 2 and 3 meter straws for SSC will necessitate
the use of internal spacers to support the wire. This report is a description of a device for
supporting the sense wire precisely in a straw tube. Our design seems close to meeting the
following design goals:

-Center the sense wire within 25 ~
-Allow free gas flow through straw
-Insulate without noise at the 2 KV working voltage.
-Minimize multiple scatter and photon conversion.
-Minimize detector dead space.
-Allow low cost, rapid, and, automated assembly.
-Have long term dimensional stability
-Allow accurate positioning along the sense wire.

2.) Description of the support spacer

The support, shown in figure I, is injection molded from acetal plastic,(Celanese
Celcon MOO). The overall form is a cylinder 3.95 mm diameter and 4 mm long. The
central portion which grips the wire is molded as a blank disk 0.3 mm thick and about
0.5 mm diameter. The disk is connected to the wall by three spokes. The wall, which isn, """"''1''''1''\ th;,...t,. ;~ tl·'U:!t 1"'&."1" h~l'I'h "",.A,..:I.":""'" "''''... n..t ..1...:", ..... -".:. _ ...... .:.... _1 •• ,C__ ._
V.J ...... LI""'A, • ., LlI", VIll] u'cu }-'........".vu }-'aJ L V. UU" ;'UppV.I L, .IL .lUU;)L PH;;"I;)I;;.I)' "VII1Vll11 LV

the straw's inner wall allowing a sliding fit within the straw. One end of the cylinder is
rounded to allow easy entry into a straw. The mold parting line is placed at the edge on
the opposite end. The molding injection hole, located on the outer wall, has been slightly
recessed to clear the edge of the cylinder.



the constant tension, (about 50 gm), needed to drive the wire through the melted plastic
to the centerline. The wire is heated electrically by currentfed through the clamps. A
0.25A currentapplied for less than 2 sec. is needed to center a 25 J..L diameter gold
platedtungsten wire. When the wire reaches the center, radialforces vanishand the wire
remains centeredwhen the plasticcools ( withina secondor so).

3.) Tests and applications

Sometests havebeen made to see howcloselythis technique reaches our design goals.
The molded-in wires have beenmeasured to centerwithin 40 J..L. We believethat further
improvements suchas morecareful adjustment of thequartzrods.in the meltingfixture will

allow this to be betterthan 25 J..L. The centering of the wirein the strawwould then be .
limitedby the necessary gap between support and strawtube needed to slide the support
into position.

We are in the processof assembling a long strawchamberusingthese supports. We have
tested these supports in a shortprototype strawchamber and havenot observed any
problems withnoiseor breakdown when operated at the highestnormal operating voltage
of 2.3KV.

_ Because of the small sizeof theattachment pointat thecenterof the support the wires
breakfree fromthe plasticat about30 gm.of axial force and then slidefreely through the
plastic. All supports needed for a straw may be attached with the required separation prior
to pullingthe wire into the straw. The attachment seems secure enough for the supports to
retain their proper separation after the wire is pulledthrough the straw. yet can be
dislodged without damage to wireor spacerif adjustments are needed.

We plan to continue evaluation of thesesupports. Someof the questions we will try to
answerare:

\Vhat is u'ie iInpedance to gas flow?
Are there signal attenuation effects?
How effective are the supports for use in splicing straws?
Is there long-term creep when the supports are subjected to radial forces likely to
occur at straw ends?
Can these supports be helpful in centering the wire at the ends of straws and thus be
integrated into the end capdesign?
Are the supports damaged by the radiation dose in an SSC experiment.
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INTEGRATED TRACKING CONFIGURATION II
SILICON AND wm.E CHAMBERS-

GAIL G. HANsoN
Indiana Unif1e,.,itr, Bloomington, Indiana -11-105 USA

ABSTRACT

A conceptual design or a tracking system for a solenoidal detector is presented.
The tracking system consists or silicon pixels and microstrip detectors at small
radius and wire chambers at larger radius. The goals ror the tracking system
design are to provide momentum. measurements or all charged particles with PT
above a rew GeVIc ror 1111 ~ 2.5 and to provide a fast trigger for such particles.

1. TRACKING SYSTEM DESIGN

The conceptual design for the tracking system is shown in Fig. 1. It consists
or:

• A high-resolution two-dimensional pixel detector to aid in pattern recog
nition and detect separated vertices £rom long-lived particles and multiple
poop interactions;

• An array or segmented silicon microstrip detectors to provide a powerful
pattern recognition tool even in the cores of jets;

• A wire chamber system to provide the high-precision momentum. measure
ments and trigger iniormation for high-PT tracks.
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Fig. i. Conceptual design tor a pixel, silicon strip, and wire chamber
tracking system for a solenoidal detector.

1.1. Pixel Vertex Detector

The pixel vertex detector1 provides three-dimensional position measurements.
It consists or two concentric cylindrica1layers of pixel arrays within 8. radius or
10 em from the interaction point a.nd covers a pseudorapidity range I'll ::; 2.5,
extending to Izl = 40 em, where z is the distance along the beam line. The pixel
sizes are expected to be 30 p.m x 300 p.m in the 4> and z directions, respectively.
The position resolutions should be better than 10 pm in tP aDd 100 pm in s,
The pixd arrays are shingled in both ~ and z to provide complete coverage. The
detectors will be about 300 p.m thick, and 8. particle at normai incidence will
traverse about 2% of a radiation length of material.

Because or the high particle rate, 8. "smart pixel" electronic system architec
ture is being developed to buffer information and read out events efficiently. A
smart pixel signals when it is struck, stores the analog signal, and is rea.d out
only i! it is associated with 8. valid trigger event. All circuit functions prior to
readout are on the chip. The electronics will either be fabricated direct!'y on



strate. The detectors are arranged in luperlayer&, each with four measurements,
in a cylindrical barrel region and also in planar endcaps. The intermediate angle
detectors are spaced aiong the beam to a distance oi nearly:; m from the inter
action point to allow good momentum measurement to large rapidities. About
32 m' or silicon are needed. The supports must withstand both thermal and ra
diation deeh and ii.i'e upeeted to be made of either a graphite-based composite
or beryllium. The goai is to have iess than 5% of a. radia.tion iengih oi ma.terial
a.t normal incidence.

Double-sided detectors with sizes up to 3 em x 8 em way be wire-bonded
together to make larger units for electronic readout. The pitch in the barrel
modules is 50 p.m, whereas in the intermediate angle detectors the pitch varies
with distance from the beam line. The heat load is about 1 mW/eharm.e1. Heat
load is a major concern, and cooling by an evaporation-wick technique is being
studied.

The spatial resolution is CApeeted to be 15 p.m., and the double-hit resolution
is expected to be 150 p.m. With such excellent position determination, the silicon

~ microstrip system is expected to provide superior pattern recognition even in the
cores o!jeb with PI' up to about 1 TeV Ie, There Me about 10 Tn;1HOD chann"ls
in the system..

The pixel detector and silicon microstrip detector will have a. common support
system and W=Jl form an integrated high-resolution tracking device.

1.3. Straw Tube Central Tracking

Wire chambers are used for tracking for radii between 60 cm and 180 em.
They are suitable lor spanning the tracking length needed for precise momentum
measurement inside the large magnetic volume. They can also provide a last
trigger {or tracks with PI' larger than some minimum value by the requirement
that track sezments in outer layers Doint back to the interaction 'Domt.- .. . .. -

To meet the constraints imposed by radiation damage, current draw, chamber
lifetime, gain reduction !rom large puticle flux, hit rate, loss of data because of
high occupancy, and pattern recognition in the complex environment. rJ~f't c"l1s
____..... t... _ __ ~ __ _ _~ __ " ~. ~!t.. J1' • • 'lie •••
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hal!-cellstagger between layers permits resolution o{left-right and crossing-time
ambiguities. Local track segments round in each superlayer are linked to form
tracks.

\
.............

. . . . . . . . . . . . . . .

Fig. 2. Cross sectional view or the eight layers or a
......... _ 1_..._~ ",t ~. ••• 'L..__
.w.y .au..r"""" "'... D ..... &o" ..uu~.

The coordinate along the wire is measured by means or small-angle Itereo.
With a spatial resolution or 100-150 pm per wire in the r~q, projection, the cx·
pected resolution in z is 2-3 mm. The superlayers are ordered axial, - +3°, axial,
- _3° , ete., {or a total or eight equally-spaced superlayers spanning 70 < f' < 180
em, as shown in Fig. 1. The double-hit resolution is 2 mm. The maximum
straw length is limited by signal attenuation to about 3 m. Straws up to 3.S m
long with wire supports inside the straws every 80 em f'or electrostatic stability
have been operated at the required voltage.4 The central traeking system design
therefore contains an electrical break near the middle. The current draw per wire
at the operating gas gain of 2 x 10" is shown as a function of'radius in Fig. 3(a);
:'" :_ , 4.\.. __ n ~~ ..... A 1--= ~t.. £! ~ ~ ,~ __ ...t..._~ " ... ., .. 1_- ~
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Fig. 3. (a) Current draw per wire vs. radius in the straw
tube central tracking system for a gas gain of 2 x 10·
at the SSC design luminosity. (b) Occupancy v•• radius
in the straw tube central tracking system at the sse
,.. .. . ..
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carbon-composite framework supporting replaceable modules of straws, as shown
in Fig. 4._. _ -.It • .. . ...
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Fig. 4. Support system for replaceable modules of straws.

first employs crossed planar superlayers of straw tubes. The second involves the
use or arrays of transverse drift cells which are optimized for fast track finding and
reconstruction in a uniform axial magnetic field, much like the intermediate angle
. ••. . . ........ . .. ............... c. ...... _~". .• .. ..traCK aetector In tne .tU expenment at n~lt.Av, snown In .r"lg. :'la). 1Il the latter
this is efficiently achieved by means of radial sense wires, but the requirements
both of a fast gas with large Lorentz angle and of high rate capability at the
sse mean that further consideration of the wire orientation is necessary; work is
underway. Such a detector would contain about 300 azimuthal wedges to meet
the constraints on current draw and occupancy over the full radial range. The
coordinate along the wire will be measured with planes ot wires tilted at small
angles to the nominal wire direction, as shown in Fig. S(b). The total number
of channels for the intermediate angle tracking system is about 6 X 104• An



(a) (b)
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Fia:. 5. (a) Schematic view of a radial wire drift chamber. as in the HI forward
~ " .

tracking system, indicating the principles of construction and function. (b)
Schematic view of wires tilted at a small angle to the radial direction in order
to measure the coordinate along the radial wires.

figurations, pulse integral readout opens up the possibility or enhancing electron
identification by detecting transition radiation X-rays.·

1.5. Tracking System PerCormance

The expected performance of the tracking system is shown in Fig. 7. Figure
7(1.) shows the momentum resolution in a 2 Tesla magnetic field as a function
of 1'7\ for the cases of no beam constraint and no pixels, 20 p.m beam constraint

• •• • J1' • • .. ..4o.. . ... .......
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Fig. 6. Estimated percentage of a radiation length of material " ...
1'71 for the straw tube central tracking system and the wire chamber
intermediate angle tracking system.

2. WIRE CHAMBER ELECTRONICS

2.1. Front End Electronics

The wire chamber :£ront end electronics will use radiation-hardened bipo
lar and/or CMOS technology. The drift time measurement resolution must be
< 0.5 as. The :£ront end electronics consists of the following components:

• Preamplifier/shaper with signal tail cancellation

• Low power differential discriminator

• Time-to-voltage converter (TMC) and Analog Memory Unit with lome
trigger controlT

or

• Time Memory Cell (TMC) digital time measurement'

• Data collection chip

Figure 8 shows block diagrams for both the TMC and TVC designs, for both
of which nrototvninll is well underway. Similar eleetronics ean b~ 1tl;~tl In!" !"A.diA.1
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Fig. 7. (a) Momentum resolution in a 2 Tes1a magnetic field as a function
of 1'71 for the proposed tracking system. (b) Impact parameter resolution as
a function of momentum for the proposed tracking system.

of optical fibers. A preliminary cost estimate (not including the trigger) indicates
a cost of less than $35 per channel for TVC-based straw tube electronics.'

2.2. Track Segment Finding and Triggering
• 11 ••• ...
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Fig. 8. (a) Bioek diagram for TMC-I004. (b) Bioek diagram for TVC-based
front end electronics.

needed in the segment finding. An added complication is the need to have an
estimate of the position of the track along the length of the wire since the propa-
__ ~:__ .£.!. __ .!__ 'l.._.....£. 1ft __ 1"'\ ,, ,. ,, I ~ ..It... '-- .1_'--_~



ments between the axial and stereo auperlaYerl (provided the linking can be
accomplished). For this purpose one would not even have to use the drift times,
.t~1.._•• _1.. :1 ~1.._ 4. 1. :. _ ••1...:__4. 4.__ 1.:_1.. __.4. 4.1..: ••1..1 \._\.1_ \._ ..1 _
..."~u,,,,~u. ~ ,,~~ "....\0& olD D"""'JC\O" "" • ~~~-yr """" ,,"-"D ""~Y. ~"''''''.'''.I3 "'~ "'''~c

using the track segments round in the trigger eiectronics. with 3° stereo, the dis
placement for a 3-m-long wire would be within ± 7.9 em. Since the radius o£the
...11 ~ • .,........ .1.: 1. :,.••• m "'nf~" : "f!t Sl,."" _1.: ..1. ,." " ..
'V~,,1jlI ., , 1iiI' ..""-.......lII:l..- 0---" ,.,...."' - _. _.- -, •• - "' -wr --

to ,..,. 0.1 ns propagation time.

3. RESEARCH AND DEVELOPMENT ISSUES

The are many questions that must be answered before we can arrive at
a final design for an integrated silicon and wire chamber tracking system.
Much of the R&D is being ca.rried out in several sse subsystem and generic
programs.lt2tllt12tlS Some of the relevant research is summarized below.

The viability of the pixel and silicon strip system that occupies the inner part
or the tracking volume -depeads on the resolution of such issues as fabrication
technology, circuit design, radiation hardness, mechanical and thermal stability,
precision alignment, adequate heat removal and ease of assembly.

For the outer part of the trar1dng volume, wire ,,]uLYnber technology is mattLre.
although its application in the sse environment poses unprecedented challenges.
Research and development areas include minimizing material in the supports
and end regions, incorporation of electronics, gas manifolds and high voltage
distribution, precision alignment, and thermal management. Also included are
the investige.tion of a hexagonal cell option, which might decrease the amount
of material and improve the assembiy procedure, and the R&D specific to the
intermediate angle tracking system.

Research and development in the areas of £ront end, data acquisition and
triggering electronics for the various components of the tracking system is ad
vancing.

Engineering design leading to an integrated low-mass support system incor
porating the necessary precise alignment is beginning. In addition, engineering
.J __:_ ' __ ....J: __ .&_ ,,1.._ :_,, "': ~ _.~__"'__~ ...,,_ ,,__ ...1..: ,,__ :_"'_ ...1......



4. POSSIBILITIES FOR HIGH-LUMINOSITY PERFORMANCE

Computer simulation studies of track segment finding have been carried out
for the tracking system design for the "Large Solenoid Detector"14 at the sse
design luminosity of 1033 cm-2 .-1. These aimulations1S includ,ed background
£rom minimum biu events within the resolving times of t.he cells, interactions of
the particles with the material in the tracking system, curling tracks in a 2 Teala
magnetic field, and loss of hits due to the double-hit resolution. Over 80% of the
track segments in the outer superlayers were found for high-n e's and p's £rom
Higgs boson decays with a crude segment-finding algorithm. Since that tracking
system was designed, improvements have been made because of detector R&D
efforts. These new developments have been incorporated in the design or the
tn,eking system described here:

• The outer radius of the tracking system has increased £rom 1.S t.o 1.8 m.

• Since there is a break in the wires in the middle due to signal attenuation,
the rapidity range covered by a wire has decreased by about a factor of two.

• In the previous design, the cell width for the outer superlayers was nearly
7 mm. In the present design 4 mm diameter cells are used throughout.

• The old simulation used a drift velocity of SO p.m/ns. Since that time fast
gues with drift velocities ~ 100 p,m/ns have been shown to work.t

The relevant proportionality factors are given by

"!moz nB 10
Occupancy ex ,

"
where '7moz is the rapidity coverage of the wire, nB is the number of bunch
crossings during the resolving time of the cell, to is the width of the cell, and r
is the radius. For the outer superlayers the largest improvement has occurred in
the factor nB because of both the decrease in the cell diameter and the increase
in the drift velocity. A comparison between the old design and the present one
shows tha.t nB has decreased £rom 4.3 to 1.4. Including the other improvements
~J.._ 1'..1. _ _I' .J.. \ __ ~_..J .... 1... _.L .&.1.. 1 __ J.1... .... ~ __~~ ! ,_ eM.



there is reason to hope that at a luminosity of 103• cm-2 s-l the outer superlayer8
of the straw tube tracking system will not only survive but also still be usable
for finding track segments and providing a trigger.
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Notes on straw heating and gas flow requirements

Harold Ogren
Indiana University

For a given gas gain, the current draw in each of the straw drift cells
at each superlayer location can be estimated. 'Ibis is shown in the
following figure.
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The positive ions, which were produced in the avalanche, drop
though the full drift chamber potential and heat the gas. The
temperature rise in the gas flowing through the straws can
estimated, by assuming that there is no heat loss to the walls. This is
obviously not correct, but it will result in a conservative estimate A
better calculation is underway by ORNL, and a measurement is
planned in the next few months.



I = the current draw.
V0 :: the voltage.bet'V/een cathode and sense wire
P = oressure ( 105 N/m2).

A = Athe straw' cross-sectional area (1.25 x 10-5 m2).
_. ••. . . 'lfIIt"n TT'

T = me amment temperature ~"w ~).

~T = is the temperature change.
R = the universal gas constant (8.31 J/mo! K).
Cp = the molar specific heat of the gas.

(the original calculation was done by S. Witacker and J. Kadyk at
theVancouver Workshop, I 989)

For CF4 _(20%) isobutane I estimate CpI R = 9.1 . Using this value
the velocity is found to be

v=2.5/6T (K em/sec).

( this number is smaller than the Vancouver calculation because
they used Cp/R=5 and A=1 x 10-5 m 2.)

The temperature change that can be tolerated is not very well
determined; I have chosen AT~' 6 K. (the Vancouver calculation used
a 3 K temperature increase). This represents at 2% variation in the
temperature, which seems safe in terms of expansion effects. This
temperature increase will produce about a 10% variation in the gas
gain from one end to the other. Again this seems tolerable. The
maximum velocity equired for the gas is the found to be

v= 0.4 cmisee (for 0.5 J.l amp of current at 1900 V)

Using the current draw at each superlayer indicated in the previous
figure, the maximum flow velocity required at each superiayer position
can be calculated. This is indicated in the following figure.
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The maximum flow rate is.3 em/sec. This drops to less than 0.1
cm/.sec at the outer layers. The total gas flow for each superlayer
can now be calculated. This is shown in the following figure.
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Attenuation Studies of 3.5m Straw Tubes

c. Neyman, B. Martin, H. Ogren

sse R&D Group

IndianaUniversity

1) Introduction

The current cylindrical geometryfor the central tracking chamber of the SDe calls for the
outer most straws to be of 305m to 4m in length. The large length of the straws makes it
critical to understand their signal transmission properties. As a first step in this process the
attenuation lengthof two straws in a 3.65m (12 ft) chamber was measured.

2) Description of detector

The drift chamber constructed for this series of tests was a six tube array with a lenzth of
3.65m. The large length of the straws was achieved by splicing two 1.8ni straws tOgether.
The straws were glued to a plastic spacer]. which was-slid halfway inside each straw, with
a conductiveepoxy giving a continuouslyconductive cathode. The straws were fabricated
by Precision Paper Tube Compa-fly., Rockville, m. Each straw consists of a layer of 0.5
mil polycarbonate film aluminized on the inside su-Tface, coveredby an 0.5 mil mylar fum.
The two films are wound with overlapping pitch and bonded by an application of epoxy
resin between them. The resulting tube is gas tight, and robust enough to handle easily.
The inside diameter is 0.157 ill or 4.0 mm,

The anode is a gold plated tungsten wire 2S J,Lm in diameter. It is tensioned and held
centered by two Delrin pins insened in each end of the straw. The Delrin pins are Inserted
into an aluminum gas manifold, which positions the wires and provides a robust
mechanical suppon. The triangular gas manifolds sit in a precision V groove that is
machined in a long aluminum bar. The V groove aligns both ends and hold the straws in
position. Mechanical tolerances for the construction were about ± 50 ~m. In addition to
these supports the wire was held with 7 Mercedes til'e spacers1 ever! 58 em that were
meltedto the wire.

3) Electronics
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Although we expectno difference the attenuation length was measured both terminated and
untenninated. The termination was 34pF capacitor and a 0-300 n pot to ground. The pot
was adjusted to give the lea.~t reflection. This value was measured to be 223 n.(see Fig. 3,
4, and 5)
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The signals from an FeSS source were recorded on an HP 54S03A digital oscilloscope.
The position of the source from the read out end of the tube was also measured. All
distances in this paper are measured from the origin at the electronics readout end of the
tubes. To reduce the effect of noise we averaged 2048 pulses to give the display from
which the pulse height was measured. The pulse height as function of distance along the
tube was fit to a decaying exponential of the form:

Y=Aex~~}
----__ A ~_ ..1.._ ~_~• .:_I _ ....1__ L_':_1.. ..... _..3 T "- .J...__ ..__... _..:__ 1 +'"
were I"\. 111 uic 1IUUiU PU1~t< llt<lClll iU1U LoU urc "'U~llUC1UVll l~llCUl. ..

The data and the fits can be seen in Fig. 6, 7, 8, and, 9. The data are also summarized
below
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Table 1. attenuation length
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Attenuation of 3.65m straw
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Progress Report on 4 mm Straw Chambers

Introduction
Cylindrical driftchambersmadewithwoundmylar cathodes (StrawChambers)were developed
almosta decade ago. I amgoingto report on recent developments i in the design of these
chambers for an SSC detector. This work was carried out at Indiana University under an SSC
R&D grantand as part of the Central andForward Tracking withWire Chambers Subsystem
group 1

The central tracking system for SDC
The central wire tracking chamber for the SDC will consist of 8 superlayers, Each superlayer
consists of two cylincL-ical sections 3 met!:.! sin lengdi. Each superlayercOntains 8 layers of
straws. The innerradius is 0.7 meters, the outer is 1.8 meters. One quarter of the tracking system
is sEown in Fig. 1.
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In Fig. 2 wesee the end view of the central wire tracking chamberand the the eight superlayers. ~
The superlayers are constructed from a ringof identical modules. holding up to 256 straws. Four
of the superlayers are stereoand four are axial. The stereo layersare fonned by orienting a module
of straws at a 3 degree angle. (Themodules (and straws) are kept straight).
The total number of module will be about 544*2.
Since straws typedetectors havebeen used in a number of experiments in the past ten years. the
primary taskis to define the mechanical specification for the superlayers, modules.and straws. and
to integrate the system with the silicon traeker.
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The SSC Environment
The hitrate, current draw, occupancy, andcharge/unit lengthwerecalculated using therates
predicted byD. Groom at a nominal luminosity of 1033 em -2 sec -1. They are shown in Fig. 3
a,b andFig. 4 a.b, The effects of the magnetic field (loopers) will increase thesepredictions at
intermediate radii and decease them for thelarger radii, however these the general dependance and
are a valuable guide for chamber construction. The currentdraw for each strawmay be thelimiting
feature for theoperation at SSC. It s principally for this reason that the strawsare splitinto two
sections axially. .
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Modular Design Aspects
We are interested in thedesign of modular systems for the SSC.We believe that there are several
compelling reasons for this:

I) Alignment
• The module's crosssection stability aligns the strawsinternally
• The support structure maintains the modules in position.

2) Compressional Loading
• The compressional loading due to the wire tension ( 12 Kg for 256 wires) is taken up

entirely by the external module. .
• Sincethe moduletakes up the compression, the end support structurecan be very light.

3) MassProduction
• The 240,000 channels of drift tubes is much larger numberof wires than past detectors.

With a modularapproach the 1088 identical modules can be built by industry.
• Endplate design is simplified. HV, gas, electronicscard are all identical.

4) Testing
• Eachmodule can be tested, calibrated, and measure before assembly.
• HV and gas testscan be completed before assembly.
• The completed electronics and trigger can be tested before assembly.

S) Repair
• Modules can be repaired both before and after assembly.
• Modules can be replaced during major shutdown periods.

Module construction

As part of our SSC Tracking Subsystem development, we are planning on constructing several
smallermodules this summer. Thepurposeof these smaller test modules is to determine the multi
strawalignment, to workout an endplatedesign, to begin to understand construction techniques
with carbonfibercomposites, and to investigate integration of the electronics in the modular
design. The first modules will be about 1 meter in length. Fig. Sshowsa endview of a 64 straw
prototypechamber.
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Weare trying to workout a minimal massdesign for the modules . One possibility is to
slightly compress the wire supports with theouter shell in order to set the straw spacings. In this
case theendplate provides the wire tension. butdoes not have to position the wire accurately. We
have several preliminary designs tllatutilize this idea.The sideview, showing the end cap and wire
attachment pin are shown in Fig. 6. Details of the endplate and the wire connection pin are shown
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Fig. 7. End."iewof an endplate for a 64 straw module
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Basic straw cell, design
The straws we are presently using are 2 meters long.2 Construction of 3 meter straws is not
thought to be a problem. The general method is shown in Fig.9. Two thin films are wound on a
precision mandrel. The straws weareusing are madewith an aluminized (lOOOA) polycarbonate
layerand an outer wrapof mylar. Both films are 12microns thick.

Fig.9. Schematic of strawconstruction

Some of the R&D areas we are working on are fabrication of thinner straws.investigating other
materials such as Kapton, and increasing themetallic coating to reduce the cathoderesistance.



manufactured for use in theprototype modules we are building this summer. It has the advantage
over the "M&M" of allowing restringing.
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Drift Chamber tests

A number of studies have been done on drift chamber gases. These have been reported- previously
. .so I will mention oniy a few of the results to show that we have an example of a gas that will

work at the sse. The speeds of various gasses are shown in Fig. 14 a.b.c.d. The fastest gas we
have studied is CF4. with 20% isobutane, shown in 14 d, The drift time with no magnetic field is
i9 ns for 2 mm drift
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Fig. i4. a) TUe distribution for Ar-Ethane(50%) b) roc distribution for HRS gas



The resolution of this gas, for various isobutane concentrations is shown in Fig. 15
This gas gives us a resolution of about 100 microns and full efficiency at about 2000 Volts. Other
gases are still under study.
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Fig. 15. Wire resolution for CF4 gas mixtures

1900

1S0

160-E
:I.. 140
e

ce
::)

:2 120
C/)
Q)

a:
100

SO

1S00

We have also measure the efficiency of these gas mixtures as a function of voltage. These
measurements, shown in Fig. 16, will depend rather importantly on the noise immunity of the
electronics and the resulting threshold level, so they should only be taken as an indication of the
signal size for this particular gas.
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In addition to the basic chamber operation studies that I reponed above. we have.begun a program
for directly measuring the properties of long straw systems-chambers as long as those requiredfor
sse. The goals of this program are:

-Establish construction techniques
-studysignal attenuation
-Studytermination
-Verifyshortstrawperformance
-verifysuppon-stability calculations

As pan of thisprogram we haveconstructed a 2 meter. six strawarray and completed a 3.5
ft"l.. t .... r;v rt-r"::l,,, .._<:I" 'T'h .. r;'V .,...."''''.., .... \0...,,,,, ; ,..;r;n ft"l'lllr-\o.; A V aTtV"lvP ':l. h ITIPtPn: ;1'\&'&"""''''''''., "".Ion "" ..,. ~ .. ~J • . ... "'" ~ '" ~"UT'l'~ ~~ ~ K y ..w "' ~~"' .. _ _ _ .. _ ..

length. The basic test system for cosmic rays in shown in Fig. 17.
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Fig. 17.Layout for 6 straw chamber cosmicray tests
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Fig.18. Direct signal from FeSS source with reflection pulse

The far end of the straw was satisfactorily terminated with 223 ohms through 34 Pf. This is
consistent with the calculated value of 310 ohms for the impedance of the straw transmission line.
The terminated pulse is shown in Fig. 19.



Attenuation of 3.65 m straw
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Using the terminated pulse we were able to measure the attenuation of tile FeSSsignal in thestraw
chamber. This is shown in Fig. 20. We find an attenuation length of somewhatover 4 meters.
This would be satisfactory for the 3 meter length cha."Ilbers foreseen at sse, but is somewhat
shorter than a simplecalculation would predict We are investigating the effects of the splice
resista.'1ce and t'le total cathode resistance,
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Fig.21. A "typical" cosmic ray signal after amplification and tail cancelation

Signal Calculations
We havecalculated the signal characteristics of the 4 mmstrawsbased on the work done

by Iwasaki.J We note that there is an impressive gainin signal size going to a fast gas at higher
voltage. Figure22 showsthe calculated signal from a 3 meterstraw for both 7 mm and 4 mm
diameters. The 4 mm straw gives almost twice the signal. andhas a much faster rise time. We feel
that bothjitter and walk errors will be tolerable in 4 mm straws. of 3 meter length.
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Sum.i.ary

Large scalemechanical design of a modularstraw system is underway by Westinghouse.
This design will include the integration with Si system. the module support •and a study of the
alignment and stability of the system.

The modularapproach to constructing a tracking system will bestudied this summer with the
construction of several 64 straw modules. These will beavailable for testing by collaboration.
Tests mightinclude :

-electronics evaluation
-High rate beam studies
- Trigger electronics
- Gas flow and heating studies
- Radiation testing
.. " .....,....."'... ........,.Ir 1,...lM.... '2"'~ _~ntnt;n"- }'I """".~JVII Y ""vA u,aa.A.Ui6 ........... ....~........V'&.

We would like to stress that basic R&D still very useful by any group. V./e would like to help you
get started if you are interested Some areas of usefulactivity might be:

-Straw tube materials
-wire studies
-spacer designs
-fast gases- response in B fields
-endplatedesign- signal coupling
-termination- capacitors
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Some Facts Concerning the Electrical Resistance
of Straw tube Chambers

David R. Rust

I. The Cathode Resistance
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of the coating. We have always used aluminum for the coating
material. Early in our experience with straw tubes we found that we
could not use standard aluminized mylar because the coatings were
too thin and the material was usually coated on both sides. We
wanted to obtain as much electrical conductivity as we could but we
found that we could not obtain coatings on mylar or polycarbonate
that were thicker than about 1000 Angstroms. This limit is
apparently set by the amount of heating that the plastic film can
withstand during the metalization process. The resistance of these
coatings is about 1 ohm/sq.

There is no conductivity across the gaps in the spiral wound
straws as far as we know.. The effective length of the straw when
calculating the total resistance is therefore the length of the strip
that forms the inside layer. It is about 0.45 in wide and perhaps
15% longer than the length of the tube itself. Thus a 1 meter long
tube has a resistance of about 100 ohms. This is confirmed by
measurements on the tubes.

The new Kapton material has 2500 Angstroms of aluminum
and the measured resistance is 0.25 ohms/sq. This is 4 times lower
than the resistance of the old material but the thickness is only 2.5
times thicker. This is probably because the coating is not uniform at
a microscopic level and with the thicker coating there are more
connections between islands of aluminum.



II. The Wire Resistance.

We have several possibilities for wire material and wire size as
well as for coating the wire with a different material. Moreover the
losses to the pulse amplitude after transmission along the wire
depend on the rise time of the pulse because of the skin effect

Cu 1.75 microhm-em 7.1 micron
Au 2.4 8.3
Al 2.6 8.5
Mo 4.8 11.8
W 5.6 12.7
Be-Cu 25 Alloy 7.7 15

Resistivities and skin depth at 100MHz for a few materials.

Our standard gold plated tungsten wire with 0.00100 in
diameter has a measured resistance of 113 ohms/me The amount of
gold is 3 to 5% by weight which is the same as 3 to 5% of the area
because the densities of gold and tungsten are about equal. This
corresponds to 1.5 to 2.5% of the radius being gold so that the gold
coating is about 1/4 micron thick on the 25 micron wire. Using a
radius of 12.5 micron and the resistivity in the table the tungsten
part of the wire has a resistance of 115 ohms/me A gold wire with 4%
of the area of the tungsten has a resistance of 1230 ohms/m and the
parallel combination of the two is 105 ohms/me This is in fair
agreement with the measured value. The resistivity of the very thin
drawn wire may differ from the bulk value quoted in the tables of
resistivity. The gold lowers the resistance of the wire by only a small
amount.

A reduction in the resistance of the wire can be achieved by
increasing the size of the wire or by using a material with lower
resistivity. Be-Cu of the type with high tensile strength has a higher
resistivity and so is not desireable. Molybdenum wire has sometimes
been used for chamber sense wires and has about a 15% lower

....1 .L ... __ T .... _ r"7 .:_ A'\ ...1 .. -. ..,A ~__ ••' __ ""4"""



~ The skin depth is inversely proportional to the square root of
the frequency. As the table shows the typical skin depth at the
typical frequency of 100 MHz is of the same order as the wire radius.
Although the exact form of the dependence of the resistance on the
frequency is complicated, a simple approximate relationship can be
used. For values of the wire radius r and skin depth d such that rId
is less than or equal to 1, the effective resistance is within a few per
cent of the D.C. value. For rId = 1.5 the effective resistance is about
10% larger than the D.C. value. For rId more than or equal to 2 the
ratio of the effective resistance to the D.C. resistance is 1/4+r/2d.

For pulses from charged particle tracks where the rise time
corresponds to a frequency of 100 MHz or less, the ratio rid is about
1 so that we can just use the D.C. resistance. For pulses from the Fe
55 source (frequency of about 300 MHz) there is an increase in the
resistive loss by 15-20% over the D.C. value. Losses will still scale
inversely with the area of the wire. The gold plating on the wires is
too thin to change the current distribution at high frequency.
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Depenence of StrawTubeGainon WireDiameter

C. Neyman, B. Martin, H.Ogren

SSC R &D Group

IndianaUniversity

Itwould be adv~~tageous for the electical characteristics of staw tubes if t'lewire resistance

was decreased. One way to achieve this is to use a larger wire diameter(2mil as opposed

to the current wire sizeof 1 mil). Howeverthe tradeoff is a lowerelectricfield at the wire

surface with the corresponding drop in signal gain. All else beingequal thisrequires

runingthe tubes at a highervoltage. To understand the required increase in voltage the

gainwasmeasured for both Imil diameter goldplatedtungsten and a 2mil goldplated

molybdenum wires.

The driftchamberconstructed for this seriesof testswas a singletube with a lengthof 25

em. Our strawswere fabricated by Precision PaperTube Company., Rockville, Ill, The

straws consists of a layerof 0.5 mil polycarbonate film aluminized on the insidesurface,

covered by an 0.5 mil mylarfilm. The twofilms are woundwith overlapping pitchand

bonded by an application of epoxyresin between them. The insidediameteris 0.157 in or
4.0 mm.The anodeis a goldplated tungsten wire 25 J.lID in diameter. It is tensioned and

heldcentered by twoDelrinpins inserted in eachend of the straw. The Delrinpins are

inserted into a plasticgas manifold, which positions the wiresand provides a robust

mechanical support. These gas manifolds aredesigned to allowquickchangesof the wire.

The single tubesits in a groove that is machined in a aluminum bar. The groove aligns

bothends and hold the strawsin position. The tubeswere at groundpotential with the

wireat positive highvoltage. A 47 pF hocking capacitor wasused to couplethe signalto
the amplifier.
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amplifierseems to be non linear in the region above 400 mY. This is alright because the

signals from the chamber are much smaller.
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The gain of the tube was measuredon the digital scopein the same manner as the
calibration. Measurements were made with both lmil and 2miI wires.The data are ploted

in fiz. 2 In order to ooeratewith a 2mil wire the tubes DOtential would have to be.... .
increasedapproximately 300Vover the potential for a lmil wire
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Dead Spaceof an M&M Wire Supportand a Doped Wire

e. Neyman, B. Martin, H.Ogren
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M&M Dead Space)
The dead spaceof any potentialwire support device is an importantquantity to know as it
has direct impacton the efficiency of any potential central trackingchamber at sse.

•
The drift chamber constructedfor this series of tests was a single tube with a length of 25
em,The straws were fabricated by Precision Paper Tube Company., Rockville, Ill, The
strawconsistsof a layer of 0.5 mil polycarbonate film aluminizedon the inside surface,
covered by an 0.5 mil mylar film. The two films are wound with overlappingpitch and
bonded by an application of epoxy resin betweenthem. The inside diameter is 0.157 in or
4.0 mm.The anode is a gold plated tungstenwire 25 J.1I1l in diameter. It is tensioned and
held centered by two Delrinpins insertedin each end of the straw.The Delrin pins are
inserted into an plastic gas manifold,which positions the wires and provides a robust
mechanical support These gas manifoldsare designed to allow quick changes of the wire.
The single tube sits in a groove that is machined in a aluminumbar. The groove aligns
both ends and hold the straws in position.

The Countingrates were measured from an iron Fe55 source. A special translational
stagewith micrometer movement allowedthe source to be scannedalong the rube in lmil
increments. To better collimatethe xrays the sourcewas placed on 1/8 in thick aluminum
sheetwith a 2mm hole. The countingrate as a function of distance is plotted in fig. 1. The
full width half maximumcorresponds to dead region of the M&M wire support of 5mm.
The physical length of the M&M is 4mm

80-N
~
~-
Q) 60e
Cl
.5-§ 40
o
o

Fig. 1
M&MDeadSpace

.~.. ~ ...
. \

M& M wire spacer dead spa,



Deadening Sense Wires)

WestingHouseengineers have suggested that the central tracking chambermechanical
supportcould be greatlysimplified if all the straw were the same length. One way to
achievethis is make all strawsof longest length required and deaden the ends of the wires
of the inner straws. To test the feasibility of this idea the wire of the one straw test setup
was paintedwith CoronaDope an anti arcingpaint used in television repair.

50

•

The sameapparatus and methodswere used as above to measurethe M&M dead space
The countingrate verses position is plotted in fig. 2 The wire has 58 mm dead space.
The physicalsize of the doped region was approximately 53mm

Fig 2
DopedWire DeadSpace
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Gain of a 3.65m Straw Drift Tube
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The gain of the long straw prototype located in in the Swain West basement was measured

to be compared with previous results from the 25 em chamber. The specification of this .

chamber are given in IUHEE-7 ( May 90). An Fe55 source was used to produce a constant

pulse height signal. The Fe55 x-ray has an energy of 5.9 keY. Assuming an average

energy to produce an ion-electron pair of 24.5 eV, the primary ionization of the x-ray gives

240 electron-ion pairs.

The total charge from each x-ray was measured with a LeCroy TRAlOOO amplifier. The

feed back of the amplifier was IOpF in parallel with IOMO(22M.O)this gives a time

constant of l00(220)~sec,the effective integration time is about 10~sec. Theamplifier

was calibrated by discharging a capacitor into the input of the amplifier The signal was

displayed on an HP digital scope. 2048 signals were averaged to give the display from

which the pulse height was react The pulse output verses charge is plotted in fig i oniy the

first six point were used in the fit. The amplifier seems to be non linear in the region above

400 mY. This is alright because the signals from the chamber are smaller.
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The gain of the tube was measured on the digital scope in ihe same marUJer as die
calibration. Measurements weremade with both lOMOand 22 MO resistorsthe larger

resistorgivesa longer timeconstant allowing moreof the chargefrom positiveion drift to

be collected. As one can see from fig 2 it is is hard to distinguish this effect Apparently

we are beingdominated by othersystematic errors thatwe do not understand at this time.

Theseresults agree to withinerrorsof our resultsfrom the 25cm chamber.
Fig 2
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INHIBITION OF WIRE AGING USING CF4-BASED GASES

J.A. Kadyk,(l) J. Wise,(l.2) and D.W. Hess(1.2)

(l)Lawrence Berkeley Laboratory
(2)University of California, Berkeley

CF4/isobutane gases are found to restore aged wires with silicon
based deposits to their initial condition and also to prevent formation of the
silicon deposits. The effect of molecular oxygen on these gases is investigated.
Similarities to low-pressure rf-discharge plasmas, in which CF4 is known to
etch silicon, are discussed.

I.A Kadyk, Lawrence Berkeley Laboratory, MS 50A-2160,
1 Cyclotron, Rd., Berkeley, CA 94720, ph. 415-486-7189. .
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The very good aging properties of wire chamber gases containing CF4 have

been known for some time [i,2]. T'nere has recently been a report that hydrocarbon

deposits were etched away using a CF4/ isobutane (80/20) mixture, adding

additional support for the use of this gas [3]. We use this same gas to removesilicon-

based deposits and to show that an established technique for formation of the

silicon-based deposits on wires does not operate in the presence of the

CF4/isobutane mixture.

Wires are damaged by bubbling argon/ethane (SO/SO) through Dow 704

silicone oil [2]. Aging rates in such instances are typically R-IOO %/C/cm, and 55Fe

pulse-height spectra of the aged wires are degraded significantly. FTIR surface

analyses of these wires reveals the presence of Si-O bonds, suggesting that the

silicone oil is jesponsible for the aging in this instance. Thistechnique has be.en used

repeatedly to create wire deposits and is quite reproducible.

When the wire has been aged in the above-mentioned way until the initial

current has dropped to a small fraction (-30%) of its initial value, the gas is

changed from the argon/ethane to the CF4/isobutane mixture. At first the current

continues to fall, and periodic large current surges suggestive of Malter-type

breakdowns also OCCUI, indicating that cathode coatings -may be present as well.

However, the current soon begins to rise in a somewhat erratic manner, and the

discharges become less frequent and finalIly cease. The current (gain) ultimately

reaches a constant value corresponding to the gain of a new, "clean" wire, and no,

longer fluctuates. •Approximately 0.6 Clem were required to restore the wire to full
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CF4/isobutane was used instead of argon/ethane. In this test, a total of 1.0 C/em of

charge was collected and the measured aging rate was only R-3 %/C/cm.

We suggest that such behavior is an example of competitive ablation and

polymerization (CAP) [4], a situation in which a steady-state between polymer

etching and deposition is achieved. It is known that CF4/hydrocarbon plasmas tend

to be polymerizing [5]. That the CF4/isobutane mixture does not age suggests that

this gas mixture is well balanced. Indeed, it bas been suggested that proper "turJng"

of gas mixtures from a chemical standpoint .may be an important factor in reducing

aging [6].

We report tests of CF4/isobutane mixtures of varying compositions and of

CF4/isobutane mixtures with molecular oxygen, added to determine possible

similarities between the low-pressure rf-discharge plasma regime and that of wire

chambers.
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Abstract
We have investigated several aspects of straw tubes

relating to their viability for use in SSC detectors. Gas
temperature changes and the consequent gain changes
resulting from the power dissipated in the tube at high
rates are found to be relatively minor effects. Conduction
through the gas between the wire and the wall is found to be
the major mechanism by which heat is removed. Little aging
is observed in straw tUbes operating with any of several
different gas mixtures. The dependence of aging on gas flow
rate is found to be small. Water vapor at low concentrations
(1000 ppm) is found to prevent breakdowns. Design and
construction of straw tubes are discussed.
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1. Introduction
straw tubes have received attention as candidates for

use in detectors at the proposed Superconducting Super
Collider (SSC) , where they would be expected to be exposed
to high-radiation environments. Before straw-tube wire
chambers can be implemented, however, a number of issues,
including (1) design and construction o~ the tubes, (2)
aging behavior of the tubes, (3) possible gain fluctuations
or nonuniformities due to temperature changes caused by the
power dissipated in the gas, (4) signal attenuation in long
tubes, and (5) optimal operating gain need to be addressed.

There are four parts to this investigation: (1) study
of aging effects in straw tubes, including straw tubes
previously damaged by discharges: (2) use of straw tubes
equipped with carbon wires to study the thermal effects of
avalanches: (3) study of the effects of various cathode
materials: (4) study of tracking resolution and correlation
with the rate of aging and with other aging effects. This
report discusses only the first two parts.

2. Construction Techniques
A novel feature of the tubes used in these tests is

that their inside diameter is only 4 mm, whereas previously
used straw tubes had 7-10 mm inside diameters [1].

Since it is known that it an efficient gas flow through
the tube is necessary [2,3,4], a feedthrough was designed to
ensure such a flow. Fig. 1 shows our design of a feedthrough
pin made of Delrin [5]. This design assumes that the end
flange has a gas manifold that allows the gas to enter the
tube through four rectangular grooves, each of cross-section
of about 0.5 x 1.0 mm. The grooves are machined into the pin
and are located near the cathode wall.

A brass tube, shown in Fig. 1, is set into the Oelrin
pin and is used to support the wire. A sannhire ;ewel r61
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Conducting Epoxy
(& gas seal)

2

Straw Tube
(4mm dia 10) Collar

Wire

Delrin Pin
(with 4 gas entries)

Gas Manifold

~~~ End Flange
(2 parts)

Nut &Washer

Wedge Pin

Brass Tube
Wire Locator
(sapphire jewel
with 0.003" 10)

Fig. 1. Our design of the feedthrough pin.
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friction fit and had to be secured by gluing. Wire tensions
were 140 g for the 38 ~m-diameter gold-plated tungsten and
32 g for the 33 ~m-diameter carbon wires. The unsupported
wire length was only 17.5 em and therefore electrostatic
instability was not an issue in these tests.

The straw tube walls were constructed by bonding
together four layers. The innermost layer is 9 ~m-thick

aluminum and the three outer layers are each 25 ~m-thick

Mylar (5]. Polyethylene of 7.6 ~m thickness is used as the
bonding medium between layers. The bonding was done at high
temperature to create the straw tube body (8]. The
relatively thick aluminum layer was used to prevent
"etching" of the cathode surface in a high-radiation
environment (9]. The thicker aluminum also helps to keep the
tube straight (10]. The total thickness of the tube wall was
about 107 ~m in this test, although this can be reduced for
applications at the sse. (We considered the choice of wall
material to be the most important variable in these tests.)
The electrical contact to the cathode was made with
conducting epoxy (11], which was cured at room temperature •.
We used DP-190 epoxy (12] for the other gluing operations.
Fig. 2 shows the straw tube test chambers used for the
studies described in this paper.

Prior to use, the tubes were washed in ethanol for a
few minutes using an ultrasonic cleaner, and then dried
under a gaseous nitrogen flow. The wires were cleaned during
stretching with a lint-free tissue moistened in ethanol. All
parts were handled with rubber gloves to prevent
contamination of the surfaces.

The gas was in contact with the following materials in
these chambers: carbon or gold-plated tungsten (anode
wires), aluminum (straw tube body), brass, Delrin, Mylar,
polyethylene, DP-190 epoxy, conducting epoxy, and T-6061
chemically etched aluminum (end flanges).
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towards further breakdown. This phenomenon has been studied
with a straw tube that had portions of its wire damaged
accidentally (by operating with excessive gain and/or
current). The point at which breakdown occurs was found to
depend upon both the gain and current at which the tube was
operated, and upon the condition of the portion of the tube
irradiated. If the gain and/or current is large, or if the
tube has been previously damaged by aging, the threshold for
breakdown is decreased. .

When using argon (Ar)/ethane (50/50) or carbon
tetrafluoride (CF4)/dimethyl ether (OME) (90/10), the straw
tube was found to operate stably when water at the 1000 ppm
level was added directly to the gas with a gas bubbler.
Water could also be introduced indirectly, . by outgassing
from the walls of the plastic tUbing used for the gas
plUmbing and/or by diffusion through the tUbing. The
concentration of water added indirectly in this way is not
known. Breakdown occurred within minutes after startup when
using electropolished stainless steel tUbing, which is
impermeable to air and is known to have little outgassing
[13]. No breakdown was observed up to current densities of
about 400 nA/3 mm when nylon tUbing was substituted for the
stainless steel under otherwise identical conditions. This
dependence on tUbing material was quite reproducible. Based
on these results, nylon tUbing was used for all subsequent
tests.

The exact mechanism by Which water arrests or prevents
Malter breakdowns is not clearly understood. We mention
briefly two possible mechanisms. (1) Water may make an
insulating cathode deposit slightly conducting. In this way,
accumulated positive charge on the cathode, which is a
precursor of the Malter breakdown, can be bled off. (2) If
hard UV photons from carbon excitations [14] are responsible
for photoionization at the cathode, the effect of water is
can be explained by its absorption of these photons [15].

The absorption by water is plotted in Fig. 3. Although
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Fig. 3. Qualitative theory explaining the effect of water in
arresting Malter breakdowns by hard UV photon absorption.

concentrating water molecules, e.g. on the cathode, would
therefore be required for this mechanism to be effective.

It is clear that the effect of water needs to be
investigated further, including its effect on drift
velocities in so-called fast gases, such as those with a CF4
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CF4/dimethyl ether (90/10). Argon/ethane was tested because
it is a commonly used gas. The CF4/isobutane (80/20) mixture
was tested because it possesses several attractive
properties: (1) it has been tested to 8 C/cm with no
apparent aging [16]: (2) it has a high drift velocity (in
excess of 10 cm/~sec) [17,18], a feature that may be quite
important at the SSC and in other high luminosity colliders:
(3) it has a relatively high ionization density for minimum
ionizing tracks (180 ion pairs/em) [19]: and (4) it has a
low electron diffusion constant [18]. These properties make
CF4/isobutane (80/20) an attractive choice for use in high
resolution drift chambers in high-radiation environments.
The CF4/dimethyl ether mixture was tested in the belief that
it may have similar properties.

The techniques used to collect aging data have already
been described [20] • The 5.9 keV photons emitted by an S5Fe
source (lor 2 mCi) were used to simulate particle
radiation. The irradiated region of the wire was about 3 mm.
Results of these tests are shown in Table 1.

As can be seen, the rate of gain loss, R, was
determined to be small or consistent with zero in nearly
every case (RS10 "/C/cm). As little as 1000 ppm of water
vapor, added to the argon/ethane by means of a gas bubbler,
was found to be sufficient to avoid the electrical
breakdown, and tests were not made with smaller amounts of
water added in this way.

Measurements of R vs. gas flow rate were made with
argon/ethane at relatively low flow rates to find the
minimum acceptable flow rate. As shown in Table 2,
negligible aging rates were observed for gas flow rates as
low as 1.0 cm3/min, corresponding to an average linear gas
velocity of -1.3 mm/sec. Indeed, no gain change was observed
until the gas flow was completely interrupted.

Al though the above results indicate that straw tubes
are or can be made resistant to wire aging, it is important
'1-"" "'C2I1;'7'A ~h2l"" ""Ma.... 1aee_'LJ',o1'_"'''''''''+o'''''''''.6A ~ ........A':""': .: __
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Table 1
Summary of aging results in straw tubes. Gold-plated wires were 38 IJm
diameter; carbon wires were 33 IJm diameter. The aging rate, R, is
defined as R - -(l/Go ) (dG/dQ) , where Q is the collected charge per
length of wire and G is the gas gain. The total gain was -5x10· for
tests with gold-plated wires and -2x10· for tests with carbon wires.
Nylon tubing was used for the gas plumbing in all tests.

accumulated anode wire average gas
R charge voltage surface velocity

gas X/C/cm C/cm V material mm/sec

Ar/C2H6 (50/50)
+1000 ppm H2O 15 0.4 1600 Au 53

CF./iC.H10 (80/20)
+1000 ppm H20 3
w/out added H20 5

CF./DME (90/10) 3

0.5
0.25

0.7

0.8

2240
2240

2200

1590

Au
Au

Au

carbon

53
53

26.5

26.5

Table 2
Summary of aging results in straw tube with a 33 IJm diameter carbon wire
as a function of the gas flow rate. Argon/ethane (50/50) was used for
all tests. The anode wire voltage was 1590 V. All measured values of R
are consistent with zero within our estimated systematic uncertainties.

gas
flow rate

cm3/min

20

average gas
velocity

mm/sec

26.5

R
X/C/cm

-2

accumulated
charge

C/cm

1.0
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s. Heating Effects
possible limitations to the use of straw tubes in high

radiation environments are gas temperature changes and the
consequent gain changes. Indeed, temperature changes as
small as 6·C, corresponding to -10' gain variations, may be
unacceptable in some applications. The potential difficulty
arises in removal of the power dissipated as heat in the
tubes.

To illustrate the potential difficulty caused. by
heating effects on gain, we consider the following
hypothetical case in which heat removal from the straw tube
occurs solely by the gas flow. In this case, the temperature
rise is determined by the gas heat capacity, gas flow rate,
and power input. For the latter, we will assume 2 mW of
power generated over a 1 m length of wire (2000 V * 1 ~A/m).

The heat is deposited mainly by drifting positive ions
produced in the avalanche, and not by the electrons, since
the former charges traverse a much larger potential
difference (nearly the full anode-cathode voltage). However,
the heating is concentrated near the anode wire because the
potential difference, and hence the power deposited, is
logarithmic with the radius. For a4 mm-diameter tube with a
33 ~m-diameter wire, one-half of the power is produced
within a radius of about 260 ~m. Since the gas velocity is
relatively small (low Reynolds number), we expect laminar
flow, and the power deposited within this radius will heat
the gas in a corresponding volume. For a 1 m-long tube, we
calculate that the heated volume of 0.053 cm3 contains
2.4x10-6 moles of gas. At an assumed flow velocity of
1 mm/sec, there would be a volume change every 1000 sec. For
the case of argon/ethane (50/50), which has a heat capacity
of about 40 J/mol-K, this volume will experience a
temperature rise of:

'1 _U\'1nnn \III.n T/__1_V\'" 1._1n-6 __1\ _ 11\4 e.,
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temperature rise is inconveniently large: average linear gas
velocities of several centimeters per second are needed to
achieve the assumed 6-C maximum allowable temperature rise.
We note, however, that even at these velocites, the Reynolds
number is on the order of ten, far below the values
corresponding to turbulent flow [21], suggesting that
uniform heat di~tribution would not be achieved.

There are, however, other mechanisms by which heat can
be removed, namely radiation and conduction. At the small
temperature increase allowable for acceptable operation,
radiant heat transfer is negligible. This is not the case,
however, for conduction.

The heat, Q, transferred by conduction between
concentric cylinders is given by

(1)

where L is l;ne length of the cylinders, k is the thermal
conductivity of the medium between the cylinders, ~T is the
temperature difference between the cylinders, and r2 and rl

are the radii of the outer and inner cylinders,
respectively. For the above-mentioned example of the 4 mm
diameter straw tube with the 33 ~m-diameter wire, a
temperature difference of only about O.l·C is needed to
conduct all of the heat from the wire to the wall through an
argon/ethane (50/50) gas mixture. A smaller temperature
difference is needed to conduct the heat from the wall into
a surrounding gas environment.

For the purpose of investigating the heat transfer
mechanisms in detail, we used a straw tube of the above-
mentioned design with a 33 ;;.m.-.diameter carbon anode wire
through which current was passed to produce ohmic heating,
and in this fashion to simulate the heat produced in a tube
in a high-radiation environment. We believe this method
simulates closely the gas heating near the surface of the

-- - _J _.&.. _ --"I '- __ ...... Je" __ .. '&"'- .._'- ....'-_ ........ L._
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function of temperature. To estimate the temperature, we
used the coefficient for carbon resistance as a function of
temperature [22]. Fig. 4 shows the estimate of the anode
wire temperature as a function of voltage across the wire. A
similar method was previously used to estimate the surface
temperature of 7-~m-diameter carbon wires [23].

A second method of estimating the te~perature near the
wire surface was measurement of the gain increase observed

• _ _ _. _ _ lI:IL_ _ _ _ •

an the. pulse-helght spectrum of ......Fe when the wlre was
heated. The dependence of gain on temperature has been well
established from ambient pressure and temperature changes
during many wire aging tests performed with this system.

A thlrd method of determining the wire temperature
follows from an analysis of the heat transfer. Estimates
show that all except one of the potential channels for heat
flow are small enough to be neglected: conduction through
the gas along the radial direction between the anode and the
cathode dominates the heat flow. with this simplification,
an estimate of the temperature change is obtaine4 directly
from the conduction equation (eqn. i), using the known heat
input to the wire.

Measurements of the temperature were made using all
three methods, by varying the battery voltage up to about
100 V. Two specific cases, 9 V and 46 V, are summarized in
Table 3. The agreement between the three methods for the
46 V case is good. In the 9 V case, there is considerable
uncertainty in the measurement of resistivity at low
voltage, due to the apparent non=linearity of the cur~e in
this region (Fig. 4). Therefore, Table 3 does not include a
value determined by this method for the 9 V case. Estimates,
however, give a temperature value close to that found by the
other two methods.
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o
o 100 200 300

7·90 Voltage (V) 6681A3

Fig. 4. Estimate of the carbon-wire anode temperature as a
function of the applied voltage. The temperature dependence
of carbon resistivity was taken to be -5xlO-4;-C [22]. The
resistance of the wire was 9.24 kG at 2l-C. The wire fails
near 300·C in air .
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Table 3
Measurements of heating effects in straw tube with 33 ~m diameter carbon
filament anode: .2....Y and ~ cases. Temperature dependence of carbon
resistivity: (l/Ro)dR/dT - -5xlO-4/*C. The resistance of the filament
was 9.24 kO at 21°C. The electrical length of the wire was 22.9 cm; the
active length was 12.2 cm.

Voltage across filament (V)
Current through filament (mA)

Resistance of filament (kO)
Power input (mY)
Power input to active region (mY)

Gas flow (cm3/min)

9 V

.9.0
0.98
9.23
8.8
4.7

20

46 V

45.8
5.0
9.13

230
123

18

SSFe: Pulse-height of principal
Base case* (0 V)
Yith voltage applied

Gain ratio G(V)/G(O):

peak, pedestal subtracted
400
423

1.06

(channel)
376
769

2.04

Computation of temperature rise (OC) (estimated error)
From filament resistance (±10X) 43
From fractional gain change (±5X) 2.4 45
From power and radial conduction Eq. (±5X) 1.6 41

*The tests were made on different days, and the differences in the pulse
heights of the base cases are due to barometric pressure changes.

The level of agreement between these two cases gives
some confidence that this procedure can be extrapolated to
the still lower power levels appropriate to an sse
experiment. In any event, even though the power
corresponding to the 9 V case is -60 mW/m, perhaps 100 times
the maximum expected in normal sse operation, the
temperature rise is nevertheless SUfficiently small to be
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observed for flow rates of 1.5 to 120 cmJ/min, indicating
that the gas temperature in the avalanche region is largely
unaffected by the gas flow rate, as expected if radial
conduction is the dominant heat transfer mechanit?m. Some
change in the gain was observed for flow rates in the 120 to
150 cm3/min range, however (Fig. 5). We believe that this
was where the transport of heat by gas flow through the tube
at higher flow rates began to compete with removal of heat
by conduction radially.

since conduction is the hea.t ~?"a1'\C!n,..~- ... .... . -I:'~ ... ...

mechanism, the gas flow rate is not dictated by heat
. removal, and can be as low as consistent with acceptable

aging. We obtained good aging results with gas flows as low
as -1.0 cm3/min, corresponding to an average linear gas
velocity of only 1.3 mm/sec (Table 2).

For isolated straw tubes, conduction alone is
sufficient to remove the heat from the tube wall: some
convection is expected to be necessary to remove heat from
an array of tubes such as in a full-scale detector. If tubes
are arranged in layers with a small number of tubes per
layer, as in some current designs [24], there will still be
only negligibly small temperature rises within each layer
according to our estimate, with heat being carried away
efficiently by the gas between layers.

6. Conclusions
The simple prototype straw tube proportional counters

described here were used for studies of aging and heating
under conditions that are expected to be encountered at ssc
experiments. Two major concerns investigated were the aging
rates with several gases and the proportional gain
fluctuations due to avalanche heating.

We have tested the aging of straw tubes having aluminum
cathodes with several gases: argon/ethane (50/50) and
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least one case (CF4/DME), however, use of stainless steel
tubing resulted in immediate electrical breakdown, which we
believe to have been due to~the lack of water vapor. All of
the gases tested were found to give sa~1sractory aging
rates. In addition, argon/ethane gave satisfatory aging with
gas flow rates as low as 1.0 cm3/min=

The investigation of heating effects used a 33 ;.nn=
diameter carbon anode wire to model the avalanche gas
heating by ohmic heating from small electric currents. It
was found that the heat transfer from the wire is
essentially all by conduction through the gas along the
radial direction. The recognition of this may simplify
considerably the design of large straw-tube detectors.

The construction details of the straw tube prototype
and the associated feedthroughs are also described.
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Abstract
As a continuation of earlier wire aging investigations,
additional candidates forwire chamber gasandwire have been
tested. These include the gases: argon/ethane. HRS gas.
dimethyl ether. carbon dioxide/ethane. and carbon
tetrafluoridelisobutane. Wiresused were: gold-plated tungsten.
Slablohm, Nicoun, and Stainless Steel. Measurements were
made of the effects upon wire aging o( impurities from
plumbing materials. or c:onwnination from various types of
oil. Attempts were made to induce wire aging by adding

~ measured amounts of oxygen and halogen (methyl chloride)
with negative results. Finally. the possible role of
electronegativity in the wire apng process is discussed, and
measurements of electronegativity are made with several single
carbon Freons. using both an electron capture deteCtor and a
wirechamber operating with dimethyl e&hcr.

L Introduction
Wirechambers are in common use for particle deteetion and
tracking and yet the aging effects due to radiation are only
partially understood. In the field oC high energy physics. •
very large wire chamber (-1~ • loS wires) is normally a
component of theexperimental detector. and the demands OIl
wire chambers are becoming increasingly severe. due to
operation at higher gains IDd in more intense radiation
environments.
Effects of radiation damage to wire c:hambers have been
published both in terms of observations and experiences in
actual experiments. and also IS systematic laboratory apng
tests done U) prove the robustness against apng of specific
wire chamber conditions. A swnmary of principal resullS

n. Procedures andTechniques
Since earlier results were reported.[2] a variety of
improvements in techniques and procedures have been made.
Perhaps the most important of these is the appreciation of t.'le
aging associated with even small amounts of c:enain gas
contaminants. These may be already present in the supply
gas. or be introduced into the gas stream Waugh desorption
from the materials in contactwith \he gas, such IS the supply
gas container. the plumbing system. or the wire chamber
itself. Therefore. care was exercised in the selection and/or
cleaning of components in contact wi\h the gas. and in the
purity of !hesource gas. In the c:ase of dimt.thyl etherCOME)
gas. it was found that poor results were obtained with any of
several types of plastic upstream of the wire chamber under
test. even in the form of a small plastic valve seal. For this
reason, recent tests on DME were done with only certain
metals upstream (e.g., electropolished stainless steel,
hydrogen-tired copper). which required careful selection and. in
thecaseof thec:onlrOl of las now. we used a valve of ourown
design andconstruc:tion,[3]
The aging tests were done with proportional tube wire
chambers of two varieties. The earlier teslS used aluminwn
cubes. each of which was used (or only one test; later teSts
used the copper tube shown in Figure 1. and these tubes are
cleaned and rebuilt for each subsequent tesL The reason for
changing to a copper tubewas theratherhigh rateof electrical
breakdown failures encountered withaluminum tubes. This
failure mode may be associated withtheinsulating property of
aIwninwn oxide on the cathode waD inducing a self-sustained
currentby • mechanism similar to the well-known Malterdis-
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Fig. 1: Sketch of a copper wbe used foranode wire~ifetime
~Sts with a simplerepresentation of wire eress-seeuen and
coa~g from deposits, andeq~tia1lines. Wire ~eW'S
are typic:a1ly ruty microns. Alwnlnum cubes u.sed .m .ear~)'
~ were of rectangular crosS·secDOn, butotherwue sundarUl
concept \0 theonepictured here.

Th~ tMtinlf and analvsis system is shown schemalica1Jy in
Fipei--There are lour iftdcpendenllCSl systems (ofwhich
two are shown in Figure 2), and each S)'stem bas its own
monitors of bigh voltage, current, ~mperature and 115 flow.
All gases exhaust 1111m~~~~~ ~, u.'~ I sinile~!:
sion barometer, Setra model :Z70. mONtors ws presSln. All
cumnts are digitized by Keilhley 485 lutoranginl digital
picoammelttS. Allothe:monitors arescanned sequentially by
a Hewleu·Packard 349SAscanner anddigitized bya KeilhJey
196 digital multimete:. Communications between the mM
PClAT computer and the diCital meW'S is via an IEEE 488
bus. Data are recaded em bard disb.
Programscontrolling cWa.retrievaJ.~hing and ana1y~ were
written spccific:a11y far this S)'SWIl. mF9R~~~ft,

only I verysmall presswe change at thesmall flow rate use1
about 20 tclmin. A oenneation device (Model 570.(,..-.......
O-mUalor. Kincek PreciSion 015 Standards) is available Il
introduce metered amounts of known contaminants in order10
CSe&.ennine their effect on the aging me.
Usually Ihe teStS Weft perfonned with initial current densities
of about0.3or0.6~c:m, corresponding \0 cunents ofabout
200or 400nA ove: a wire lenp of I few mm, depending on
the type of teSI counter (6J. Small FeSS sources or several
hundred mic:rocuries strength, placed close to the window, were
used to irradiateIhe counter. Test runs usuall)' ac:cumu1atcd at
least several ~nths of coulombS/an, and havecoUceled up10 2
Clcm. Oains are known only approximately, and are about
20.000 • 50.000. All teSts were perfonned with a gas flow
J'I1e ofapproximately 20c:c1min.

m. Aging TestResults
A. PQTamtltri.:DliDn of Aging r,n,

!lc-e~nt ~swts are summarized in Table I. along with three
tests previously published[2] with diffe:ent typeS of plastic
tubing upstream. The parameterization of lain loss is
ftac:tional pin losspercoulomb/cm ofcollected charge:

• (1,Q) d0,0 (CfJlC/cm)

"Oain loss can be caused by deposits (e.g.. polymers
condensed from the avalanche plasma), that function by
inc:reasinC the 4iameter of cbe IDOde wire orb)' fermin, an
insulatinC COIlinC on \he wire. or bam. In eithe: case. die
surface electric: field is decreased. RducinC thepin. 1b=~
positive evidence for each of these effecrs. Anoll
mechanism forgain loss is chemic:aJ anack of the wiresunL
by Ihe las (or species in Ihe plasma) c:ausinC. for example.
oxidation or some active elemeNS in me wire mate:ial: this is
only I problem for wires chat are not gold·pla1ed. The other
irnporwueffect of ISing is self·sust.ained current discharge. or
Malter breakdown. which bas DOt been investigated exp1ic:illy
beretbut is seldom a limiting fact« in the present IeSU.

B. R"lI1u
The aging test results will be discussed a:eord1n, \0 &he type
or gas or las mixture used. Plots of recorded current VI.
c:ollected chargeforvarious &eslS Ire shown inFIlIft 3.
1. Dimethyl Ether .
This gas has a quite low diffusion constant and bigb linear
ionization density whith makes it an exc:elJcnt choice forIliab
resolution drift chambets, e.C.. venex detee1.Cln. In some cesu
using DME. no measurable aging could be found. while in
other tests. Vf:rY poor aginaresults weft obtained. [2.,7,11 The
difT'e~ in theseresults can he atlributed 10contambwns at
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Fig. 2: Schematic of the wire aging Jest system. The sys
tem has recently been expanded from two 10 four independent
test channels.

and needle valves (see e.g., Fig. 3a). For the last two DME
results listed, and shown in Fig. 3b all plastics were elimi
Dated on the upstream sideby removing the pressure regulalOr
and by CODsU'Ucting our own "needle valve" entirely from
stainless steel tubing [3]. These tworesults using Tcsi$tiye
[10J wire indicate l1w wire chamber operation withnegJigibie
aging canbeachieved with DME, even if thewireis not gold
plated, when the gasplumbing system is rigorously clean and
inen and free irom contamination originaWig in cOmmercial
plastic components. The ICSts were done without the use of
anyfllLer ahead of thewire chamber.
2. Argo~thane (SOISO) • •
Thisgas mixture is very popular beca~ of Its good pro~es
of driftvelocity saturation, good quenching and relatively high
nino However, there have been. many reports of rapid wire

the purity grade of gas is oniy moderately high (Matheson liP
grade), and conventional gas reiUlalOrs, needle valves, and
plastic tubing (nylon) were used upstream of the Jest counter.
However, such results may well depend upon the operating
gainandgeometty of thewirechamber.
3. Argon/Carbon DioxideIMethane (89/10/1)
Thepresence of carbon dioxide in thisps ("HRS" gas)ma), be
responsible Cor the moderate aging observed with
Stablohm[10] resistive wire,perhaps due to surface oxidation,
while neGligible agin, is found with gold-plated wire (Fig.
31).
4. Carbon OioxidelEthane (95/5)
The large fraction of carbon dioxide in thisgascontributes to
thegood spatial resolution obtained (low electron diffusion) in
drift chamber operation. However, there does nOl seem 10 be
much demdation of the resistive wires Jested here(cr. with3.



cm/JJSCC; (3) the ioniution density alonga minimum ionizing 8. Effectsof Oil Vapors ~
panicle uack is high (>200/cm 'OW ion pairs); (4) the diffu- Sources of contamination often implicated in wire aging I
sionconstant is low. These are Ihe J:ropenies onewould seek oils or greases not rigorously excluded (rom the sas system.
foc operating a high resolution wire chamber ("venex deteCtor") they are present as mold release agents. and as lubricants in
near the beam pipe in I high luminosity collider (e.g.• the pump systems. seals. esc. A simple set of tests was done 10
proposed Superconducting Supercollider). The test result &est &he effects of three commonly-used oils: 1) a silicone
shown in Table I and Fig. 3c is a tanrumation of &he original diffusion pump oil (Dow 704). a mineral oil (Squibb). and a
.....~ at TRlUMF[l4]. although at smaller conected charge and mechanical pump oil (Duo-Seal). For each test. the are_w lon/ethane was bubbled into a column of oil waugh a gas
somewhat lower gain. I I ... (d' . . R .. W· dispersion element 10 saturate tamp eie y ~lIe gas at room
6. ~ropan~1 Ad IUVe WI~ . easuve lR ~ temperature) withoil vapor. then this gaswasfed directly inEO
As Indicated m2 above. addluves ofe~ol (-I.5~)!y a~. the test chamber. Only.in lhe case of the silicone oil was any
(-1000 ppm) are known to be effccuve In suppressing wtre .. . b .... d' th· . d

. . ld- lated· S bsequent1y it was found that Significant agmg 0 SCJ"VIWU an l~ l~ ease II was mo erat~,
agJnh

g•
USlfth

g ~o Pd ..v.:;es. .a.U .... ""rw'n sl·su·ve w:....s However. the vaporpressure of dus en at room temperature ISsue a tee nrque oes~ WO,,. Wlul u... 0 8 J•• I . .
(13) d h' aI . b only 1.4xl- torr, resu ung In a very ow eeneenuauon In

(e.g•• Stab.l~hm). appa:ently ~e 10 e ~mlc ac~on Y the gas (-18 ppb). That moderate aging canoccur at such low
these addll1ves on eensm eensutuems In the wue.l 5) levels of contamination is of interest, since silicon has been
However. a substiwte additive was found which does appear to saonglyimplicated in anodewirecoatings, even when a source
inhibit aging even on resistive wire,lS) and the present result of thesilicon couldnot be readily identified.[1}
is a co.nnm~3tion: ne.gligible aging was observed on Stablohm 9. Attempts to InduceAging
800wire With 0.7.% lSOpropanol added EO theargon/e~e Ps As part of a program to understand causes of wire aging.
mixture by bubbhng. . certain contaminants have been added 10 the argon/ethane
7. T~sts ~f GasTUbln,g. , . (SO/SO) gas mixture to induce aging. Two of these result are

ThenextSIX tes~ ared1T~ted at ~ parual un,derstandlng of the listed in Table 1. Using the penneation device mentioned
effccts of P,OlCnual conwnl.nan1S Introduced In~ thegassawn earlier. small quantities of methyl chloride were added in one
by outgassing from plumbmg components: wbmg. ~gula~rs. &eSt. and oxygen in another test (Fig. 4). The flrst test was
valves. etc. Three.types of commonly used plas~c tubing, motivated by the suspicion that chlorine-containing
20m long. one tubing for ea.ch tesi, hav~ been mtrodu:ed compounds may be involved in aling processes, and the
upstream of the te,st chamber In ~ otherwJSC clean plumbing second test by some repons of aling when the gas system~
sYstem and &he agmg measured using an argon/ethane (50/50) not leak-Cree. As can be seen. no significant gain Joss l

gas mixture. This result has been published previously[2} but observed in ei&her case. However, in the case of meu-,
is included here because the results may be compared with chloride. a series of upward current "spiJc:es" was observed in
analyses using gas chromatographic techniques (in accompa- the latterpan of the tests. Thisphenomenon is not understood
nying paper). As can be seen from Table I, there was very at present. and mayresultfrom electrode coatina.
little aging observed for any of &he three tubings. Whatis not
app:uent from these results is that several subsequent tests
attempted on the same plumbing system in which lhe PVC IV. Elecuonegativity of Gases
tubing had been used. and then removed, all failed due to Gas molecules can vary sreatJy in their propensity to capture
Malter breakdown (self-sustaining currents)•• phenomenon electrons and become neptive ions. Because of~e possibility
which did llQ1 occuron a different plumbing system where the Iha1 negative ions may concentrate near theanode wire where
ether plastic tubings (nylon, polyethylene) had been tested. the plasma is most concentrated. some simple measurements
Evidently. the PVC bad introduced some pernicious wetemade to establish thescale of such aneffect.
contaminants into the adjacent (probably downstream) A. Relative Mtt2SW'trMllts 01£1""011 AltQCMullt Usillg I2IJ

plumbing which interrupted later testing even &hough lhe ECD
original PVC tubing had been removed. A similar test was Usina an elecU'On capture deteclOr (ECD) coupled to thegas
done earlierby Kouhaus. but wiLh raIheT different resultsJ12} chromatograph. lhe relative signal due to electron capture in
There. a substantial rate of lain loss was observed. 1he BCD wasmeasured for sixcommon single-carbon "(methyl)
-140%/C/cm. when 10m of PVC Wbini was insened. and a Freons. ~d ~e results~ Ii,:en ~ Table n. !t is int:restin.g
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V. Conclusions
Some newcandidates for wire chamber gaseshave been Jested
under laboratory conditions. with control and monitoring of
purity materials. plumbinl. eIC.•and somepreviously known
lases'have ~n m.ore th~~ou~h~r__in_':.e_s~~a~e~._ ~~pe~Lja~
emphasis haS been gIven 10 UlC \CSung 01 very pure OlmCUlYI

ether (DME). and the conditions neces.sary to maintain good
agina stability. It is found that .thlS .gas appears to be
extraordinarily sensitive to materials tn the gas stream.
especially to certain plastics. However. with sufficient
precautions. v~ry good, stability ag~n~ aging wasfound with
the resistive wues Stablohm and NlCoun. Another. newer. gas
that appears to be promising for fuu~re. more demanding
operation. is CF4/iC4HIO (80120). This gas has been Jested
at TRIUMF, and confirmed here to have excellent aging
properties, to quitehigh levels of collected charge/wirc length.
It also has me advantages of high drift velocity. high linear
ionization density, and low diffusion. Another gas exhibiting
good aging and -low diffusion. and perhaps Jess sensitive to
contaminants than DMEis C02/C2H6(95IS). Also tested are
conventional gases AtIC2H6 (50150) and Ar/C02/CH4
(89/10/1), which havenegligible an_ode aging when usedwi~
gold-plated wire. However, the latter gas seems to attac~

somewhat the resistive wireSrablohm.
Aninvestigation of three typeS ~ oil vapors showed thatonly
silicone oil caused any apprccllble apng. but that was at a
concentration of - 18ppb! Studies were made of various typeS
of tubing commonly used for gas plumbing or implicated in
bad results. In one stUdy, nylon. polyethylene and polyvinyl
chloride (PVC) tubings were tested, and only &he PVC tubin,
exhibited aging effects. In I.hat case the aging wasnot in the
fonn of gain loss,but rather sustai~ed cumnt breakdo~s
experienced in subsequent testS uSIng me same plumbIng
SYStem which was exposed to the PVC,even though thePVC
tubir2g itself I'.ad bee.., removed.
The response of an electron capture detector (ECO) to six
Freons showed I vt:rj widerange of electron attachment cross
sections. by a factor of more than 106, under theconditions of

~~ ;~~~~=~l~rJ:=~~;Sth~~~:~~;~:~: !
no induced agingwas observed from this briefexposure. The '
possible role of electronegative components in anode wire
agingwas examined. Further study is needed 10establish (or
disprove) any connection between eleclronegativit)' and
potential mechanisms of wireagin,.
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Fie. S: Response to injections of Freons into the DME las
stream just ahead of a copper testchamber. (a) 50J.1L.25~ ,
and lOOOIJ,1. injections of Freon 11 diluted to 10 ppm in
helium; (b) lOO\.LL and 500\.1L injections of Freon 12 diluted
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Fig.4: Plot of current vs. collected charge for aging test, us
ing a permeation device to add oxygen to the argon/ethane
(SO/SO) gas flow, in theamounts 1000 ppm and 3000ppm, as
indicated on the lower curve. The upper curve shows current
in a control test in which thesame argon/ethane gas was used.
butwithout oxygen being added. A slight aging is observed in
both tests and the elecuonegativity of oxygen results in a
slight drop in gain; but no effectof aging due to addition of
oxygen is apparenL
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DME may be dueto a progressively larger amount of Freon
in thegasas the DME "distills" from thegas cylinder,leavina
behind~n increasingly targer concentration of the Freon 11
conwninanL Of course, the relative signal responses in a wire
chamber may be different than measured with an ECD, hence
the test described below in B. was done.
B. Ttst CMmbtr RtspollS' to Fr,on Injection Into Gas
Supply
Small injections of Freens 11 and 12 were made through a
septum just upstream of I test chamber operating on DME.
The response is shown Lit Figu.re 5 <I) LIll! (b) for Ltte two
different Freons. and the peak amplitude of response is indi
cated inTable D. Again, &here isa large: response observed f~
Freon II, but not by the factor seen using the ECD. In each
case,thecurrent appeared to fully recover, indicating noaging
effects due10 such a shon exposure to Freons.
C. DisclUsioll
The large cross-section for electron capture of cenain
molecules. e.l. those containing halogens. may ha~e a
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Table I: Aging Test Results

~
Anode WireAppI= Approx Anodt

GlJnt.c. Owgt Approx Cummt Wn SurfaCf
c:;,s ~J/i>dG/G Collrttrd win [)wilY Diameter Maw·! CommeT'l!

(~)/C/cm (Clan) ~/cm> ~

120 0.1 !xlaC 0.3 50 Au N~Nbing

Dimethyl ." OJ 5xlo4 0.3 50 Au Polyethylt~

Ell'e' tubin&
COME)

10 CU 5xlot 0.6 50 Au 1 StlinJHS stee!

(clppmol I
1'0 0.1 5x lot Q.6 50 StablottmJ ~

ffton 11)

11 ,\4:: c~.nt ,,~ V'I c..l.t...",_'

l - ........, .... - -"'] .Slmicondue:tor.. Q.6 5xlaC 0.4 2.5 Ni=tin peOM!, all
hlrtrrnJ
pwmng, !pcxy
..a

~.

ArIC2'H6 2xlot 50 Au
(SO/SO)
HPCrade A~

Ar/C02/Oia r 2 CU blot 0.6 50 Au
(89/10/1) l 1(1) G.5 bIoi O~ 50 SCa!llohm
(H:RS lIS)

CD2/C2H6 S 46 0.1 '.taC 0.3 25 StainJes SlIeJ
<95/5) 1 36 OA '-tal 0.3 25 Na:Jtin

~ 1: OJI 'xlaC Q.3 25 StaiNesI StIe1 CuBubbled
.a.s~ c'3H7OH 0.3 'xtaC 0.3 2.5 NicDtin Through

C'JH.,OH
a.l1Jobutlnf c2 1.2 2111aC 0.3 50
(80120)

Ar/C2H6 c10 2.,04 50



Table I: A;in; Test It.,ull' (continued>

~
Anode WileAppox A;lprox Anode

Cainu. Owp Apprcx Current Wire Sumce
Gas :(l/Q>dG/C CoDC'3d 'win Pmsity Pi4l!lC'tCT Material CPT'l".ml'!'\t

(,)/Clan (ClaN ~/an> (j,Imj

J,z/C2H6
(SO/SO)
liP Crade Ar-
.Si1iame Oil -!ll 0.15 2.104 0.6 !IO Au
~'1(4) c.~

.MiMra10i1 2 0.15 2 JL 104 0.6 50 Au through
£Squib) oil

+Mech. T\zmp 1 0.18 2x104 0.6 !O Au
~ ......... ~ ".- _...
,",11 \LlUO-:lCAI}

ArIC2H6 7 0.4 2x104 Au GIsbubbled
(SO!SOl through
~n"I_~ ~,,-~

.......,...,..., "-I: ~s-- V'1"!'-J

Ar/C2H6
+lC1XlwnQ2 14 Q3 2x104 0.6 !O Au
•xmwn02 2 OJ 2.101 0.6 50 Au

.~

·Ca~s obtained from ~theson CasProducts. Therf are sevfT'al grades of argon available. Crades uMel here
are (highest to lowest purity): Matheson grade, t.11tra High Purity (t,1HP), Prepurified (PREP), and
High Purity (}iP).

Table II; tCCtS'S Of Metbyl Halpgens (Freons)

Equalvolumes orGas (Or Vapor) InjectedInto BCD
or Into DMEGasSCRam

Name Formula

cc...

-Response
DME

("ImL)
ECD

(normalized to
CF4)

200,000
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Table J: Alinl Test Results

Approx
~ Approx Approx Anode Anode Wire

GalD Loss Cbarae Approx Current Wire Surface
.,as .(lIQ)dG/G Collected Gain Density Diameter Material Comment

('10)lClem (Clem) WAlem) ~)

4
50 Nylon tubinaUO G.l 5x10 G.3 Au

Dimethyl 4
Ether 80 0.2 5x10 0.3 50 Au Polyethylene
(DME) tubinl

4
80 0.3 SdO 0.6 50 Au } Stainless steel(dppm or 4 tubinlFreon 11) 170 0.1 5x10 0.6 50 Stablohm

4
Semiconductor11 0.6 SxlO 0.4 50 Stablohm}

4
grade DME, all

4 0.6 5xlO 0.4 25 NicotiD inert metal
plumbing. Epoxy

4
seals.

Ar/!;H6 c5 2.0 2dO 0.6 50 Au
(50150)

HP Grade Ar·

{
4

~/Co"/CH4 2 0.3 2x10 0.6 50 Au
,89/10/1)

0.5
4

0.6 50 Stablobm(HRS las) 100 2x10

COz/C1 H, {:
4

0.1 SdO 0.3 25 Stainless Steel
(9515)

0••
4

0.3 NicotiDSdO 25

4
25 StainlessSteelt 0.08 SdO 0.3 Gu Bubbled

+0.s~iC3H 7OH 4 Tbrouab
101 0.3 SxlO 0.3 25 NieotiD iC3H,OH

4
CF.lIsobutaDe <2 1.2 2xlO 0.3 50 Au

(80120)
4

0.6Ar/C2H, dO 0•• 2xlO 50 Stablohm
(50/SO)
+0.7'10 iC"H.,OH
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Ar/(!2 H,
(50150)

. HP Grade Ar· 4
~ieoaeOiJ -50 0.15 lxIO 0.6 50 Au

• w704)
2 0.15 2xI0

4
MiaeralOil 0.6 50 Au
(Squibb) Gas bubbled

4 through oil+Mecb. Pump 1 0.18 lxlO 0.6 50 Au
Oil (Duo-Seal)

SilcoDe Oil 43 0.4
4

AulxlO 1.2 50 Repeator
(Dow 704) result above

RTV (GE, 108) "'100 0.1 4x104 1.5 50 Au

Ar/C2H,
4

7 0.4 blO 0.6 50 Au Gas Bubbled
(50150) through CH3CI
+530ppm CH3 CI

Ar/C2H, 4
+1000 ppm 0:1 14 0.3 2x10 0.6 50 Au

4
+3000ppm~ 2 0.2 blO 0.6 50 Au

Ar~,
4

"'30 0.4 5x10 0.6 38 Au
( )
+1000 ppm H2O 4 mm Dram.

CF4liC4Hl0
4 SuawTabe10 0.2 5x10 0.6 38 Au

r"J8OI10)

...IDME
4

3 0.7 5x10 0.6 38 Au
(90110)

• Gases obtained rrom MatbesoD Gas Products. Tbere are severalgTades or araoD available. Gndes used bere
Ire (highest to lowest purity): MatbesoD grade, Ultra HigbPurity (UHP), Prepurirltd (PREP),aad HigbPurity (lfP).



Table I: Aging Test Results
UpvCCH-f'd: :rQ~. lC(trJ

Approx
Approx Approx Anode Anode Wire

Gaia Loss Charge Approx Current Wire Surface
Gas .(lIQ)dG/G Collected Gain Density Diameter Material Comment

(~)iCicm (Clem) (J1AIcm) ()Jm)

4
UO 0.1 5x10 0.3 50 Au Nylon tubing

Dimethyl 4
Ether 80 0.2 5x10 0.3 50 Au Polyethylene

(DME) tubing

4
80 0.3 5x10 0.6 50

Au } Stainless steel
(<1ppm or

170 0.1 5s10
4

0.6 50 Stablohm tubing
Freon 11)

( 4-
Semiconductor11 0.6 5x10 0.4- 50

Slablobm l- _
4

grade DME, an

~ ft~ Cwo1ft ft..t .,c Nicotin inert metal
~

v.v .......v ........ - J plumbing. Epoxy

4-
seals.

Ar/<;H6 <S 2.0 2x10 0.6 SO Au

(50150)
HPGradeAr*

{
4

50 AuAr/CO%/CH 4 % 0.3 2xlO 0.6
(89/10/1)

100 o.s %xlO'" 0.6 50 StabJohm
(HRSgas)

r· .1 ... .4 "O. r!..._~_.__ ~ ...__•
~,.., ,~ -- ..... __4"
,-uz,,-%", r: U.L ;,uu v-' ~ ~IoiUWQll ~-.c'C.

(95/5) 0.4 5x10
4

0.3 %5 Nicodn

4 '!Ir ~'-:_I........ ~.__Ir ......ft ..._.. ,. ...
Gas BubbiedU.UO ;,uv v-, ~ ~"'I.&I.~~""'"

+0.s~iC3H70H .
5x10

4 Through
• 0% 0.1 0.3 %5 Nicodn iC3H70H

CF41IsobutaDe <1 U 2x10
4

0.3 50 Au

(80120)
4

0.6 50 StablohmAr/C2H, <10 0.4 %xl0
(SO/50)
+0.7~ iC3H7OH
U ... h .................. 1'01:"1)



Ar/C2" ,
_IcnJl:.n\
. ,"""''''V/
HP GradeAr- 4

r'--+SiIicone Oil -50 0.15 2xIO 0.6 50 Au 1(Dow 704) 4
+Mineral Oil 2 0.15 2:dO 0.6 50 .....

~..
J(Squibb) Gas bubbled

+Mecb-~Pump
4

50 through oil1 0.18 2x10 0.6 Au
Oil (Duo-Seal)

Silcone on 43 0.4
4

Au2xl0 U 50 Repeato(
(Oow704) result above

RTV (GE, 108) -100 0.1 4d04 U 50 Au

Ar/C2H,
4

7 0.4 2xIO 0.6 50 Au Gas Bubbled
(SOI50) througb CH3CI-
+530ppm CH3Cl

Ar/C2H, 4
+1000 ppm Oz 14 0.3 2xIO 0.6 50 Au

A
~

+3000 ppmG.1 2 0.2 2x10 0.6 50 Au

Ar/C~li -30 0.4 5x10
4

G.6 38 Au
(SO )

+1000 ppm H2O 4mmDram.
4 Straw TubeCF4liC4HIO 10 0.2 sx10 0.6 38 Au

~(80/20)

_F4/DME 3 0.7 5x10
4

0.6 38 Au
(90110)

• Gases obtained (rom Matheson Gas Products. There are several grades of argon available. Grades used bere
are (highest to lowest purity): Matheson grade, Ultra Higb Pwity (UHP), PrepurU.ed (PREP), and High Purity (HP).
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Abstract
We have constructed an apparatus to allow systematic

and detailed study of radiation-induced plasma-chemical
reactions that may lead to wire aging. -A proportional
counter tube irradiated by an 55Fe source is used as a
model wire chamber. Less-volatile components in the tube
effluent gas are concentrated by several orders of
magnitude in a cryotrap to provide the sensitivity needed
for detection. Separation and analysis are performed by gas
chromatography/mass spectrometry. A strong signal from
many products formed in the avalanche by plasma
chemical reactions has been observed.

I. Introduction
To understand better the chemistry of plasma

reactions thought to be responsible for aging processes in
wire chambers, a system has been developed for detection
and identification of trace components in gases. By
correlating wire aging with the reaction products in the

.effluent gas of a wire chamber, modeled by a proportionai
counter tube, it is hoped that the dominant reactions
responsible for wire aging can be identified, and
appropriate measures taken to prevent polymer deposits in
full-scale wire chambers.

n.Apparatus
The experimental apparatus consists of a Varian 3400

Gas Chromatograph and a Fwnigan IOii Trap Mass
Spectrometer, which are used to perform a gas
chromatography/mass spectrometry (GCfMS) analysis of
condensible species in a gas stream. Cryotrapping is used
to isolate from the major gas stream a sample of trace
species sufficiently large that detection and identification

The cryotrap is a nickel tube 10 in. x 1/16 in. 00 x
0.040 in. ID connected to a six-port, two-position sampling
valve (Valco 6UWT), the "sample valve: A four-port, two
position valve (Valco 4T), the "purge valve; is used to
select between two inlet streams: a helium purge stream
and a sample stream (Fig, 1). The valves and all associated
tubing are heated (lS()OC) to prevent both loss of the
sample by adsorption and contamination of the sample by
desorption of previous samples.

A cryotrapping cycle consists of five parts, starting
with the valves in their standby positions (Fig. 1a). (1) The
cryotrap is baked while under pure helium flow to remove
residual impurities. (2) The cryotrap, still under helium
flow, is cooled with liquid nitrogen and its temperature
allowed to stabilize at the setpoint, Temperature control is
achieved by computerized regulation of the coolant flow.
(3) The purge valve is rotated (Fig. 1b), allowing a sample
gas to flow through the cryotrap for a preset cryotrapping
period. (4) At the end of the cryotrapping period, the
purge valve is returned to its standby position (Fig. Ia),
allowing belium to displace the remaining sample gas. (5)
The sample valve is rotated (Fig. le), causing the ayotrap
to be in the flowpath of carrier gas (helium) that enters the
GC column. The cryotrap is electrically heated by passing a
current through the nickel tube, thereby driving the
previously condensed species into the carrier gas. These
species are recondensed (focused) with a liquid nitrogen
SPi&Y on an - 5 mm.column se~ent Dear the beginning of
the GC column so that standard GC analysis techniques
can be used. After the sample is transferred and focused,
both valves are returned to their standby positions and the
GC/MS analysis cycle is initiated. Operation of the entire
system is under the control of two PC-AT computers: one
..,., ~..:... ....... _r_"."!to__:__ I_._I"__....:__ _,.. I... <!!to_" t'_
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Fig. 2. Sketch of a copper tube and fittings used for anode
wire lifetime tests; a simple representationof wire and coating,
and equipotential lines.

chemical reactions thought to occur during typical wh~

chamber operation. A SO micron diameter, gold-plated
tungsten wire is used. Relevant parameters (current and
voltage, and gas pressure, temperature and flowrate) of
the tube under test are monitored to determine the aging
rate and thus establish a correspondence between aging
and the observed reaction products.

m. Calibration
The GCjMS system has a sensitivity on the order of

1 ng., and the ayotrapping system is estimated to
concentrate samples by at least three orders of magnitude
(byvolume) over what could be introduced directly into the
column. For alkanes with six to twelve.carbon atoms, the
system response, measured as the ratio of peak area to
number of molecules, is roughly constant. For
hydrocarbons with five or fewer carbon atoms, however,
the reseonse is about one order of malZDitude lower when
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TABLE I. SYSTEM RESPONSE TO SOME CLASSES
OF CCMPaJNDS

chromatograms in which the sample gas was passed
through the permeation device even though the Freon
supply had been removed for many days. Although
FreoD 11 mayor may not be directly implicated in wire
aging [1], a similar siCualion could be-enviSioned lor other
contaminants that do cause aging. This suggests that some
tubings may be easily and essentially irreversibly
contalnmated and that - considerable care should be
exercised in the selection of tubing and other materials in
contactwith the wire chamber gas.

V.Aspects of Plasma Chemistry
A. ExpuimentIJI Methods

A proportional tube irradiated bya ten millicurie 55Fe
source six em. long was used to produce samples of the
products of plasma-chemical reactions, such as might be
produced in an operating wire chamber. Such a tube is
similar to the ones used for wire aging tests (Fig.2), except
that it is shorter (4.5 ia.) and has a longer window to
accommodate the SSFe line source.A SO/50-(volume basis)
argon/ethane mixture (Matheson grade argon, CP grade
ethane, Matheson Gas Products, Inc.) was used as the
counter gas. Cryotrapping was performed at -70°C by
flowing gas at io Cc./mu1ute for ten minutes. The oc
temperature program was: hold the temperature at -SOOC
for three minutes, ramp to 250"C at lOOC/minute, and hold
at 2S<rC for three minutes.The carrier gas pressure was 15
mill. A 30 m. bv 0.25 mm. diameter l&.W DB-5 caeillarv

100,000

100,000

700,000

1,000,000

1,300,000

RESPONSE
(PEAK AREA/NANOMOLE)

hlLogenlted ..thenes

CQIlPOUND

NthyLIL, lCetone

Ca Ilk...

B.Analyses of Other Materials
Outzassinz of silicone comnounds from valve zrease,

IV.Analysis of CommoD Gas PlumbiDg Materials
AA.l'!!l.lySes of Tubing Outgas C-Omponents

Sevc."31 different tubing materiak have been analyzed
for outgassed or desorbed vapors. Table nand FIg.3 show
results of these analyses. In all cases, the c:ryotrapping was
performed at -7r!'C nang helium (Matheson Grade,
Matheson G~( Produet..s, Inc.) flowing at 20 c:c./minute for

.ten minutes. The GC temperature program was: hold the
:- temperature at -serc for three minutes, ramp to 2SCrC at
l00C/minute, and hold at 2SO"C for three minutes. The
~er gas pressure was 15 psig. A 30 m. by 0.25 DUn.

diameterJ&WDB-5 capillary column was used.
The baseline test (F'Ig. 3a) was run using an 18 in.

length of copper robing, and shows some simple structures
that are artifadS of the c:ryotrapping system., but no major
peaks. To some extent, the tests of other tubings show
trapped outgas .components, most of which can be
soec:iticallv or at least aualitatively identified. In most cases
there is ~ significant' "water pCak,W manifested by the
structure iD the chromatograms beginning near scan 1000,
which corresponds to O"c. This water peak can wmaskw

comoonents that elute before -scan 1200 (-2crC),
resuitinsz in lack of knowledsze of Quantity and ChemicaI
charaa;' of eluentsin this re~on. H}tgroscopic filters have
been used to remove water vapor from the main gas, but
they appear to have also removed some of the trapped
eomecneersunder investigation.

•Fig. 3 and Table ii clearly show quantitative and
qualitative differences in the desorbed materials.Although
water vapor was found in all other tubings, elec1ropolished
stainless steel tubing (f'"Jg. 3a) is essentially free of any
water (or other) outgassing. Nearlyas clean is the copper
refrigeration tubing (F'tg. 3b), although water and,
frequently, polynuclear aromatics are found. Among the
plastictubings, nylon and polyethylene are relatively clean,
while many compounds, including some containing
chlorine and fluorine, are observed in the samples from the
PVC (Fig. 3c) and the Teflon tubings. It is iDteresting to
note that the peaks observed lor TFE Teflon (FJg. 3d) arc
principally, if not entirely. hydrocarbon in nature, while for
PFA Teflon, there are many peaks associated with
fluorinated compounds. As has been discussed [1]. there
may be sound reasons lor implicating halogens in the
mechanisms of gain lossand wire aging.
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When the highvoltage (-2300 v) was applied and the
5SFe source was present, so that the tube was drawing
-6.0 J]A, a multitude of peaks are seen (FIg. 4b). These
peaks display good reproducibility, in terms of both
chromatographic retention times and relative peak areas.
Certain peaks can be specifically identified, and many
others can be assigned a structural family classification.
Singly unsaturated hydrocarbons (alkenes) and branched
alkanes are the most common species, but some peaks
appear to contain oxygen, primarilyin the form of alcohols
and ethers. While the hydrocarbon nature of these species
wouldbe expectedfrom an ethane plasma, the presence of
oxygen is somewhat puzzling. Possible oxygen sources
include air leaks (although these are eliminated before
testing), water and air outgassing from plumbing, small
amounts of oxygen in the supply gas cylinder, and surface
oxides.

Chromatographic peaks in Fig. 4b are seen primarily
in th,. "",Ginn with "ptpntinn t",mnprl'ltnr,.'C frnm 2()DC tn

condensed on the outer wall of the proportional tube,
whichis not heated.

c.Discussion
1. Heating Effects

Many of the species observed in the proportional tube
effiuent have boiling points higher than room temperature,
and the question arises why these species do not condense
onto the wire.The temperature of the gas in the avalanche
region cannot be measured easily, but is almost certainly
affected by the power dissipated in the avalanche. For the
tube used in our experiments, the gas temperature rise due
to this power is calculated to be between 2"Cand 2O()()()OC,
depending on whether the resulting heat is distributed
uniformly though the entire gas volume, or is taken to be
localized in the avalanche region. For this calculation, the
avalanche region is assumed to extend one wire diameter
beyond the surface of a SO mia-on diameter wire.

Th~'U'! h~tina ,.ffl"1't'C mSllv hSll",. imnortant
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GAS: ARGOH/ETHAHE (50/50)
F.SS SOURCE: ABSENT
VOLTAGE: 0 \I
CURREHT: 0 uA
VERTlCAL. SCALE: 975.800

FIGURE ~a
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Fig. 4. Chromatograms of analyses of plasma chemisay
reaction products. Pictured are: (a) result with no irradiation.
(b) result when plasma-chemical reactio.".s occur. The vertJcal
scale is &he totalion response of the mass spectrometer.

condensation. To the CJtent that such effects exist, they
may affect the product distribution obsened in the
chromatograms. There is expected to be a temperature
dependence of reaction rates, with the rates, and therefore
product concentrations, increasing with temperature. On
the other hand, the sticking coefficients of these products
on the wire varyinversely with temperature. It is therefore
difficult to predict the overall effect of localized heating
upon wire coating, and investigations into such effects are
planned.

2. Product Formation Rate

plasma polymerization. We note, however, 1) Many
radicalsthat may have beenformed could have recombined
to form ethane, or other light products that we have not
observed; 2) The temperature (lSO"C) in parts of the
c:ryotrapping system biases it against heavier species (see
discussion in section V.B.), and may be causing us -to
measure a systematically low rate of product formation.
For these reasons, we believethat the products of plasma
reactions fail to be accounted for by ions by substantially
more than the factor of two mentioned above, and that
neutral species (radicals) are responsible for the bulk of
the reactionoccurriD2.



intentional polymer deposition, and have been extensively
studied [3,4]. Although wire chambers operate at higher
pressure (-1 atm.) and under dc rather than rf discharge
conditions, there is no a priori reason to expect that the
overall reaction mechanisms should be different, although
the kinetics mayvary. Indeed, the electron energies for the
two situations are expected to be similar [5]. A further
suggestion to the possible similarity of these two regimes
comes from mass spectral analysis of anode-wire deposits
from a failed wire chamber. in which the wire coatingwas
predominantly linear hydrocarbons [6]. This result is in
agreement with the observed products in the gaseous
effluentof our proportionaltube.

A qualitative picture of typical. plasma-chemical
reactions can be used to describe how some of the
observed eluents might be formed. Polymerization is
comprised of three types of reactions: initiation,
propagation, and termination. Due to the expected large
abundance of radicals over ions in wire chamberplasmas, a
free-radical mechanism seems most appropriate. A
representative. but by no means unique, polymerization
scheme mightbe constructedas follows:

Initiation: These reactions produce active species,
radicals in this case, that, due to their unpaired electron(s),
are highly reactive.

e + CZHS -> CZH4 + HZ + e
e + CZH4 -> CZHZ + HZ + e

-> Z CHZ: + e
-> CZH4"+ + Ze

Ho + CZH4 -> CZHS'
H' + CZHS" -> 2 CH3'
H" + C2H2. -> CZH3"

·e" represents a free electron in the avalanche and the •• •
represents an unpaired electron in a radicaL

"
Propagation: These reactions produce species of increasing
molecular weight by repeatedly adding small units. The
unpaired electron from the initiator is left unpaired in
these reactions, and thus can continue to react. It is during
this stage, as molecules get heavier, that they maybegin to
condenseonto the wire.

Rn' + CZHS + M-> Rn+Z' + M
~_ •• r.~H~ -~ R_.~" • H~

Rn" + H" -> Pn
Rn ' + CH3' -> Pn+l
Rn' + Rm' -> Pn+m

The type of reaction scheme described above,
expanded to includeall possible reactions, has been used to
desaibe the observed polymerization kinetics of ethane in
a low-pressure rf discharge(7).

The results presented here demonstrate the capability
of probing the chemistry of a wire chamber avalanche. It is
hoped that further investigation will lead to identification
of the specific reactions respoDSlble for wire agingand will
suggest techniquesto avoid or eliminatethose reactions.

V. Summary and Conclusions
Construction and successful operation of a system to

analyze trace components in gases is reported. A study of
the outgassed components from several different tubings
has been made, and the observed products qualitatively
identified. Two possible source of silicon have been
identified: incompletely cleaned parts that were once in
contact with silicone oils or greases, and parts that may
havehad transient exposure to silicone vapors.

A proportional tube has been used to model the
plasma-chemical reactions that may occur in wire
chambers, and a strong. reproducible signal has been
observed. Many of the reaction products can be identified
either specifically or by family classification. The question
of localized heating in the avalanche region and its effect
on the general validity of acceleratedagingtests is raised.

A series of reactions that may represent the chemistry
oc:curring in wire chambers is discussed in the context of
relating wire chamber plasmas to other, better-understood
plasmas.
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Abstract

Data are presented to suggest that trace amounts of

Freons do chambers

filled with either dimethyl ether or argon/ethane. Apparent

gain loss in dimethyl A~hA'" ; l: AV1"'I1.; 1"'lAriI k" ......... ,..h'l'l\.:I1"'l... ,...,.-_.._- -- --1:'--_.._- -.I -----...... - •• - --

primary electrons to a continuously increasing concentration

of Freon 11 in the counter gas. ~~ increase in the

concentration of Freon 11 in dimethyl ether is caused by a

distillation process in the gas supply bottle and is a

natural consequence of the unequal volatilities of the two

comoounds. Dearadation of 5S Fe Dulse-heiaht SDe~tra obtained



•

3:40 PM, June 30, 1990 1

1. Introduction

There are at least two reasons why Freons might be

expected to cause aging in wire chambers. (1) Freons contain

halogens, which are known to catalyze plasma polymerization

of hydrocarbons in the low-pressure rf-discharge regime [1].

It has been suggested that there may be similarities between

the low-pressure rf-discharge plasma regime and that of wire

chambers [2]. (2) Some Freons are very electronegative and

are therefore expected to attach electrons and be drawn to

the anode, where, if they do catalyze polymerization, they

could most easily affect the aging rate.

since the primary electrons lost by attachment to

electronegative species are not available to initiate

avalanches, however, the observed wire current can change if

the concentration of electronegative species in the gas

changes. It is possible that an increase in the

concentration of a highly electronegative species such as

Freon 11 may cause the wire current to drop, a result which

may be interpreted as aging [3]. In this report we discuss a

mechanism by which trace species that are less-volatile than

the main gas may be concentrated in a gas bottle.

2. Experimental
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to collect aging data have already been described [3]. The

5.9 keV photons emitted by an SSFe source were used to

simulate particle radiation. Initial current densities were

-1.3 ~A/em, corresponding to wire currents of -400 nA for an

irradiated region 3 mm long. The gas gains were known only

approximately, and were in the 20,000-50,000 range. The gas

flow rate in all tests was approximately 20 em3/min,

corresponding to 1.25 chamber volumes/min, or an average

linear velocity of 0.47 em/sec.

We express the aging rate, R, as the normalized rate of

gain loss:

R - - (l/Go)(dG/dQ)' (la)

where Go is the initial gas gain, G is the gAS gain at a

subsequent time, and 0 is the accumulated charge per length

of wire. If the ionization initiating the avalanches does ~

not change, the current on a wire is linearly proportional

to the gas gain, and R can be measured as the normalized

rate of current decrease:

R - -(l/Io)(dI/dQ). (lb)

where I o is the initial wire current, I is the wire current

at a subsequent time, and Rand 0 are as defined above. We

express R in units of tIC/em.

3. Aging Tests with Freons in Argon/Ethane
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of aging tests.was performed in which gas permeation [4J was

used to add halogenated (Freon) contaminants to the

argon/ethane. Permeation was effected with a Kin-Tek

Precision Gas Standards Generator Model 570-C (Kin-Tek

Laboratories, Texas City, TX). The aging tests discussed

below were run only for relatively short periods in an

exploratory mode, looking for easily-observed increases. in

aging rates. In no case was there evidence that Freon

addition resulted in significant aging rates. These results

are su~~arized in Table 1.

A test in Which CFOl3 (Freon 11) was added to

argon/ethane is shown in Fig. 1. In this test, the

concentration of Freon 11 was set at several different

levels; at each level the current was stable. The test was

initially run without Freon 11 added to the gas (segment A

of Fia. 1); 100 mC/em of charae was collected durina this_.-- .. - - - . --- ---., -----

period and the measured aging rate was R-7 t/C/cm. When

Freon 11 was added to the gas at varying levels (segments B

F), the current dropped from its initial value due to

attachment of primary electrons, but then stabilized.

Meaningful values of R could not be calculated for these

segments because only small amounts of charge were collected

at the reduced currents. The transient spikes between levels
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the establishment of that level. After the Freon source was ~

removed from the system, the current returned to its initial

level (seqment G), indicating that little or no deposit had

been formed on the wire. A total of about 0.12 Clem of

charge was collected during the exposure to Freon 11. These

results were reproduced in subsequent tests.

4. Dimethyl Ether

Dimethyl ether (OME) is an attractive gas with good

quenching, a high linear ionization density, a low drift

velocity and a low electron diffusion constant [5),

properties which make it a good choice for use in high

resolution drift chambers (e.g., vertex detectors). There

are, however, several reports [6,7] suggesting that Freon 11

contamination in OME causes rapid aging. Since Freon 11 is a

commonly observed [6,7] contaminant in OHE, the viability of

DME as a useful wire chamber gas has been questioned.

A possible alternative explanation of the above

mentioned observations is that the "aging" is due to a loss

of primary electrons by attachment to the very

electronegative Freon 11 [3]. If Freon 11 is present in the

OME supply, it will be concentrated as the OME, which is

more volatile (i.e., has a lower boiling point), evaporates
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3. Rayleigh Distillation

5
"

Rayleigh distillation describes the equilibrium

vaporization process of an initial mass of & binarI li~~id

mixture in a vessel to which heat is added continuously. It

is assumed that the liq'..1id is well mixed (i.e., is of

uniform composition throughout) and· that vapor in

(2)

e~~ilibrium with ~~e li~~id is generated and removed

continuously from the vessel. Clearly, the continuous

qeneration and removal of vapor is a valid description of

the vaporization of DME in the gas supply bottle. Further,

we believe it reasonable to assume that the liquid is well

mixed since liquid diffusivities are high.

To describe a Rayleigh distillation, it is necessary to

relate the amount of liquid remaining to its composition.

This is done by means of a mass balance relating changes in

the amount and composition of the liquid to the amount and

composition of the vapor removed. In its most general form,

the Rayieigh equation (for component i) is
;k.:

In(L/Lo) - J dxl/(Yl • %1).
"i('c

where Lo and %io are the initial number of moles of liquid

and liquid mole fraction, and L, xi' and Yi are the

remaining number of moles of liquid, liquid mole fraction,

and vapor mole fraction at any SUbsequent time. Integration
_______ ..&...-~ __ 6_" ~_~ ~_
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The relative volatility, or separation factor, a,

between two phases in equilibrium is defined as

Q - (xA!xl)pb... l/(%A!xl)pb... 2. (3a)

It is conventional to choose the phases so that a>l. For the

case at hand, this means that phase 1 is the gas, phase 2 is

the liquid, the subscript A refers to the light component

(DME) , and the subscript B refers to the heavy component

(Freon 11). Following the common usage that xi refers to a

liquid-phase mole fraction and Yi to a gas-phase mole

fraction,

Q - (yA!YI)/(xA!xl). (3b)

Because we are interested in very dilute solutions

(Freon mole fractions less than 10-4 ) , we can assume ideal

behavior. This means that the solution obeys Raoult's law, ~

which states that the vapor pressure exerted by a component

in the solution is equal to the vapor pressure of the pure

component weighted by the mole fraction of that component in

the solution, and that the vapor phase obeys Dalton's law,

which states that the partial pressure of a component in a

gas mixture is equal to the total pressure of the gas

weighted by the mole fraction of that component in the gas.

Combining Raoult's and Dalton's laws,

(4)
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A consequence of Raoult's and Dalton's laws is that Q

is simply the ratio of the vapor pressures of the two pure

components at a given temperature:

(5)

It can be seen that Q is independent of pressure and

composition. For this situation, it is further argued that Q

is only a weak function of temper~ture [9]. As the

temperature of the gas supply bottle is expected to undergo

little or no fluctuation, we are justified in treating Q as

a constant.

Making use of the fact that xA + Xs - YA + Ys - 1 for a

binary mixture, equation (3b) can be rewritten as

y" - ClXA![1 + (a-1)%A]. (6)

SUbstituting equation (6) into equation (2), using the fact

that Q is constant, and integrating with respect to

component A gives

1n(L/lo) - (1/a-1)ln[«1-xl)/xl)/«1-XJ)/~)o] - In(X)/xlo). (7)

With an appropriate value for Q (see the following section),

this equation can be used to predict the Freon 11

concentration as a function of the amount of liquid DME

remaining in the bottle.

6. Simulation of Rayleigh Distillation
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liquid that has been used (l-L/Lo ) . Equation (6) relates the

vapor- and liquid-phase concentrations of the light

component, but can be rewritten to relate ~~e concentrations

of the heavy ~omponent:

YI - %';[a + (1-a)%I]. (8)

Noting that we are in a regime in which %s«l, and hence

(l-a)xs«a, equation (8) can be approximated as

YI - XI/a. (9)

The enrichment multiple therefore applies to both the vapor

and liquid phases.

The pure-component vapor pressures needed to determine

a can be calculated from tabulated data [10]. The predicted

relative volatility of OME(~reOn 11 near room temperature is

shown in Table 2.

In the regime of relative volatility (5.5<a<5.8) and

initial Freon concentration (Xso<1 0- 4) in which we are

interested, the solution of equation (7) is not sensitive to

variations in either of these parameters: the Freon 11

concentration doubles each time 57' of the liquid remaining

in the bottle is used. The prediction for a=5.63 and

Xs o=10- 7 is shown in Table 3 •

• _~ .... .1 .......... 1fI!' .... .1_ .... .: __~~•• , ~"1.. __
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To investigate the effect of a constant level of

Freon 11 in DME, a Kin-Tek SRT-type source was used with the

gas permeation system mentioned above to add ---5 ppm of

Freon 11 to otherwise pure DME (Dymel A, DuPont, Wilmington,

DE). (We measured the Freen 11 concentration in this DME to

be -5 ppb.) The SRT source is a -lO-em length of Teflon tube

that contains liquid Freon 11. Althouqh Teflon has been

reported to cause signal loss [7], we believe that it did

not affect this test. Indeed, low aging rates have been

achieved using DME in systems with certain plastics,

including Teflon [11]. To ensure that the Freon 11

concentration in the DME supply would not change appreciably

due to a Rayleigh distillation, less than 30% of the liquid

in the DME supply bottle was used over the course of the

test. The test was started without any added Freon 11: as

shown in Fig. 2, the current dropped to -25% of its initial

vaiue upon addition of the Freon. The permeation source was

bypassed several times during the test, and the current

returned to its initial level each time. A total of

0.45 Clcm of charge was collected during the exposure to

Freon 11, and the measured aging rate during this period was

consistent with a value of zero. 55 Fe pulse-height spectra

taken at the end of the test were somewhat degraded, however
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degradation· pattern [12 J • These data indicate that the

presence of Freon 11 in DKE does not result in measurable

gain loss, but does cause some degradation of energy

resolution.

To investigate the possibility of Freon 11 being

concentrated by a Rayleigh distillation, two aging tests

were performed in which all of the liquid DME (Semiconductor

grade, Matheson Gas Products, Newark, CA) in the bottle was

used. It was necessary to use all of the liquid because

large changes in the enrichment multiple are predicted

(Table 3) to occur as 80-100% of the liquid is used. The

initial gas-phase Freon 11 concentration was approximately

0.2 ppm in the first test and approximately 0.04 ppm in the

second test.

In each of these tests, one of which is shown in

Fig. 5, the current was initially stable, but dropped

rapidly toward the end of the test when most of the DME had

been used. The point at which no liquid DME remained is

indicated in the figure. Although no liquid DME remained,

the bottle still contained gaseous DME at its room

temperature vapor pressure, -62 psig. SUbsequent to this

point, the distillation process ceased, and the gas

composition and wire current were nearly stable. The gas



3:40 PM, June 30, 1990 11

initial level. This was because the Freon 11 concentration

in the new bottle was lower than what it had been in the

previous bottle at the beginning of the test.

Both of these aging tests were performed using the same

proportional tube and the same wire as the first test, and a

total of 1.4 C/em of charge was collected. 55Fe pulse-height

spectra taken at the end of the secon~ test were severely

degraded, however (Fig. 6), indicating the presence of some

deposit on the wire. (See discussion in section 8.2.)

To evaluate the effect of this deposit on the gain, a

bottle of DME that had been used previously and was known

not to cause aging was connected to the tube. The 55 Fe

source that was used for the aging tests was moved along the

wire and the variation in current drawn was observed to be

only 1.5% between the coated and an uncoated region,

corresponding to an overall aging rate of R-1 '/C/cm. During

this test, however, an aging rate of R-400 '/C/cm was

observed. A new proportional tube with a new wire was

installed: the rapid aging continued. When all gas plumbing

between the DME bottle and the proportional tube were

replaced with new components, however, the aging rate

returned to a value consistent with zero. These data suggest

that some compound remained in the plumbing, but
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of the fraction of the liquid DME used. The enrichment

multiple was determined by measuring the concentration of

the Freon 11 in the gas throughout the tests. A Varian 3400

gas chromatograph equipped with a varian model 02-001972-00

electron capture detector (Varian Instrument Group, Walnut

Creek, CA) was used for this purpose. The fraction of the

liquid used was taken to be equivalent to the fractional

elapsed time of the test because fluctuations in the gas

flow rate, which was monitored, were determined to be

insignificantly small.

The GC analysis was performed with a DB-5 capillary

column of 30 m length, 0.25 mm inside diameter, and 0.25 ~m

phase thickness (J&W Scientific, Folsom, CA). '1'0 effect the

desired separation, the GC temperature program consisted of

a ramp to 50·C at 10·C/min after an initial three-minute

hold at -30·C. A helium carrier gas pressure of 15 psig was

used. The inj ector and detector were kept isothermal at

100·C and 200·C, respectively. Under these conditions,

Freon 11 eluted in 4.7±0.02 min. The analyzed DME samples

(10 ~l each) were withdrawn from the downstream side of the

proportional tube.

Some deviation from the Rayleigh prediction can occur

as consequence of the nonzero mass of vapor in the DME

'h",,4-4-1... ,",n;t'"n ;c: nnt-. lI!Il"'!l"'!nunt-.Ad ofnr ;n t-.hA 'l'l\nnA' _ nn'v .l"l
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produced earlier, from liquid that was less enriched in

Freon 11. Therefore, the concentration of Freon 11 in the

vapor leaving the bottle, Which is what we measured, is

always lower than the prediction, and the Rayleigh

prediction consequently represents an upper limit on the

Freon concentration.

A lower limit on the Freon 11 concentration can be

estimated from the time required for vapor-phase

concentration changes to propagate from the liquid surface

to the point at which samples are withdrawn for analysis.

This time is given by the ratio of the corresponding vapor

volultle to the volumetric gas flow rate. The propagation

delay is most conveniently expressed as an offset in the

fraction of the liquid used. This limiting offset is

numerically equal to the ratio of the propagation time to

the total elasped time of the test, and a line representing

the lower limit on the Freon concentration can therefore be

plotted by offsetting the Rayleigh prediction by this ratio

(Fig- 7). This represents a lower limit because any

diffusion in or mixing of the vapor will reduce the

effective propagation time. Further, when all of the liquid
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uncertainty, the data lie between the limiting cases,

indicating that the Rayleigh distillation model accurately

describes the vaporization of D~ in a gas bottle.

While analyzing the DME for its Freon 11 content during

these tests, it was obserVed in the chromatograms that

several species were present in additio~ to Freon 11, and

that . the conc~ntrations of all species increased as the

liquid OME was used. Further, as the liquid OME was used,

progressively larger numbers of distinct speoies were

observed in the chromatograms. These species have not been

identified.

8. Discussion

8.1 Aging Results

We noted that increases in the concentration of

Freon 11 can give the appearance of aging due to electron

attachment. Because the concentration of Freon 11 in DME can

increase as a result of Rayleigh distillation, it is

important to know the initial Freon 11 concentration: the

effect of electron attachment may be evident very early (if

the initial Freon 11 concentration is large) or it may not

be evident until nearly all of the liquid has been used (if

the initial Freon 11 concentration is small). By using an
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We also noted that rapid 8ging' was observed in DME

after using all of the liquid in two bottles. It has not yet

been possible to identify ~he compound (or compounds)

responsible for this aging, but we believe it to be less

volatile than Freon 11, as (1) it did not appear until most,

if not all, of the liquid DME had been used, and (2) it

appeared to remain in the plumbing, unlike Freon 11, Which

is quite volatile at room temperature • It is wc;:>rth noting

that both DME bottles used in these tests had been used in

previous aging tests in which little aging was observed [3].

Assuming that the compound inducing the aging originated in

the DME bottle, which we believe to be the case, it must

have been present in the earlier tests, but at too low a

concentration to have had an effect. This would be further

reason to use only a fraction of the DME in a given supply

bottle.

8.2 Degradation of Energy Resolution

We noted that some degradation of the 55 pe pulse-height

spectrum was observed in the DME aging tests in which

Freon 11 was added. Although this degradation indicates the

presence of deposits on the wire, we believe it to be of

relatively minor significance because the pulse-height
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to only a 1.5' change in gain after 1.4 Clem of charge was ~

collected.

We expect that the degree to which the pUlse-height

spectrum is degraded may depend on both the concentration of

the species inducing the aging and the amount of charge

collected. If we take the product of these quantities as a

measure of the amount of degradation expected, we find that

much more degradation is expected for the wire exposed to

the 5 ppm of Freon 11 (Fig. 3) than for the wire from the

tests in which all of the liquid in two DME bottles of DME

was used (Fig. 6):

Tests with direct addition of Freon 11 using the

permeation device:

(0.45 C/cm)*(5 ppm Freon 11 concentration) - 2.25.

Tests in which all liquid DME was used:

(1.4 C/cm)*(0.3 ppm average Freon 11 concentration) - 0.42.

That the observed degradation of the spectra is actually

much less in the case of the direct Freon 11 addition,

rather than much more, as the above estimate predicts, can

be taken as an indication that some species other than
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...

We note, however, that energy resolution is of major

importance only when using energy-loss (dE/ax) measurements

for particle identification, and it is expected that this

technique will not be very useful at sse because the

particles of interest will generally have very high

energies, outside the range of this technique. For particle

tracking only, degradation of energy resolution, as distinct

from loss of gain, is not a significant issue or limitation.

8.3 Rayleigh Distillation

As a result of Rayleigh distillation, concentration

changes of trace species will occur whenever there is a

liquid phase in the gas bottle. Indeed, it was noted in

aging tests with propane, which has a liquid phase in the

gas bottle, that the gas purity varied not only from bottle

to bottle, but also within a bottle as it was used [13J. The

concentrations of species less volatile than the main gas

will increase while those of species more volatile than the

main gas will decrease. This being so, the potential effects

of changes in gas purity on wire chamber operation must be

considered.

The degree to which the heavier component in a binary
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severe in propane (O:propane-Freon 11-9. 4 [10]) and 1ess severe

in isobutane (0:i.obutane-Freon 11-3. 8 [10]) than in DME (Q:DME

Freon 11-S• 6) •

As we have shown, increases in the concentration of

highly electronegative species can give the appearance of

aging. This work investigated only the e£fects of Freon 11,

but the possibility exists that other electronegative

species are of the correct volatility to give the same

effect. As suggested above, it is also possible that species

that induce wire degradation (as contrasted with effects of

electronegativity) may be concentrated so that their effect

is noticeable. An alternative, less-plausible, explanation

is that certain species that inhibit aging are depleted

because they are more volatile than the main gas. In any

case, concentration changes caused by Rayleigh distillation

complicate the interpretation of aging results. The

concentration changes and their consequences can be

minimized, however, by using a suitably small fraction of

the liquid initially in the gas bottle.

9. Conclusions

We have found no evidence that Freons in general, and
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by the 55 Fe pulse-height spectrum, seems to be accelerated

by the presence of Freon 11, however.

The large electronegativity of Freon 11 causes signal

loss by attachment of primary electrons and so can give the

appearance of gain loss if its concentration increases. We

showed by experiment and simulation that apparent aging

observed while using dimethyl ether can ~e explained by the

natural increase in the concentration of Freon 11 that

occurs in a Rayleigh distillation process. Large changes in

the concentration of Freon 11 in DME and the consequent

changes in wire currents can be avoided by not using all of

the liquid DME in a given supply bottle.

Concentration changes of trace species are expected to

occur whenever there is a liquid phase in a gas bottle. It

is therefore prudent not to use all of the liquid in such
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Table 2
Predicted relative volatility (a) of DME/Freon 11 near room temperature
110].

T, ·C a

18 5.78
19 5.74
20 5.70
21 5.66
22 5.62
23 5.59

Table 3
Numerical solution to equation 7 for a-5. 63 and %!0-10·7 •

enrichment fraction of enrichment fraction of
multiple liquid used multiple liquid used

1.0 0.000 2.8 0.714
1.1 0.109 3.0 0.737
1.2 0.199 3.5 0.782
1.3 0.273 4.0 0.815
1.4 0.336 4.5 0.839
1.5 0.389 5.0 0.859
1.6 0.435 6.0 0.887
1.7 0.475 7.0 0.906
1.8 0.511 8.0 0.920
1.9 0.542 10.0 0.939
2.0 0.570 12.0 0.951
2.2 0.617 14.0 0.960
2.4 0.655 16.0 0.966
2.6 0.687 32.0 0.985



Fig. 1. Aging test in which Freon 11 at varying levels was
added to 50% argon + 50% ethane. The irradiated region of
the wire was 0.3 cm. Freon concentrations (ppm) were: A, 0;
B, 100; C, 70; D, 45; E, 45; F, 34; G, O.

Fig. 2. Aging test in which -S ppm Freon 11 was added to
DM!. The current dropped -75% from its initial value
(indicated by the arrow) upon addition of ~he Freon, but no
aging was observed. The irradiated region of the wire was
0.3 cm.

Fig. 3. 55Fe pulse-height spectra taken after DM! aging test
wien -5 ppm Freon 11. 111e zZFe line source was perpendicular
to the wire. The classic pattern of degradation of the
spectrum is seen [l2j. Tne positions of the sSFe line source
with respect to the approximate center of the irradiated
region were: a, -3; b, -2; c, -1; d, 0; e, +2; f, +3; g, +4,
where distances are in millimeters, and negative positions
are upstream and positive positions are downstream with
respect to the direction of gas flow.

Fig. 4. 55Fe pulse-height spectrum taken at the center of
the irradiated region of the wire after OM! aging test with
no added Freon 11. The 55Fe line source was perpendicular to
the wire. No significant degradation of the spectrum is
obsenred.

Fig. 5. Aging test in which all of the liquid OM! was used.
Na liquid DME remained at point A. The liquid-depleted
bottle was replaced with a full bottle at point B. The
enricr~ent multiple of the Freen 11 in this test is aho~~ in



Fig. 7a. Predic~ed and experimental (-) enrichment
multiples of Freon 11 in DME. The solid line represents ~he

Rayleigh prediction; the dashed line represents an offset of
o.OSS (- S hrs propagation time/S6. 6 hrs cotal time). 'Lne
initial amount of DKE in this ~est was 255 g; 60 g of gas
remained after all of the liquid had vaporized. The initial
gas-phase Freon 11 concentration was -0.2 ppm.

Fig. TD. Predicted and experimental \-} enrichment multiples
ot t"reon 1.1. in DKE. The solid line represents the Rayleigh'
prediction: the dashed line represents an- offset of 0.018
(- 2.9 hrs propagation time/l59.6 hrs total time). The
initial amount of DME in this test was 6iO g; 60 g of gas
remained after all of the liquid had vaporized. 'Lne initial
gas-phase Freon 11 concentration was -0.04 ppm. The wire
current as a function of the fraction of liquid used is also
shown.

Table 1
Summary of aging results in which halogenated contaminants were
deliberately added to 50% argon + 50%· ethane. These tests and their
respective control tests were run simultaneously and under otherwise
identical condi tions, except that iiO contaminants were added to cne
controls. No significant differences in the aging rates were observed.

_ ... ..IZ _.1. ___

accumulated ---"""-----~ test.uU,£.L.,£.VIIr cont;ro.L.
additive -----_ .._--~-- _L ____ .. R,\O(,IU,"CUllo.L. \..&.~I1, cn.4~e, .It,

additive name ppm mC/em X/Clem X/C/cm

CRF2Cl Freon 22 8 150 5 3
CF2C12 Freon 12 680 180 -1 5
CH3Cl methyl chloride 680 380 3 4
ru_r, ,..6 ...10....... ' _~'A ...4~_ II;lI;n 'lILn 'lI no test""....~"" .... MoI_ "'••J" ""'&.......... "'\010& oIoIV JWV J
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A Fast Monolithic Preamp and Shaper for High Rate Gas Tracking
Detectors

F. M. Newcomer, S.Tedja, R. Van Berg, J. Van der Spiegel and H. H. Williams
University of Pennsylvania, Philadelphia, PA 19104

1. A. Koullias .
AT&T Bell Labs, Reading, PA

Abstract

A fast monolithic preamplifier and shaper optimized for
readout of high rate gas proportional tracking chambers
at SSC has been designed and prototyped using an AT&T
semi-custom bipolar array. The basis of design goals,
choice of technology, circuit design and optimization of
noise performance for a fixed power (:::::15m W ), shaping
time(5ns) and dynamic range(50:1} are presented. Sim
ulation results and measurements are compared and dis
cussed.

1 Introduction

At SSC energies a typical interaction will produce at
least 100 tracks. The mean number of interactions at each
beam crossing will be 1.5 and the crossing rate will ap
proach 60MHz. Thus the expected number of beam asso
ciated tracks will be 1010 per second. In detector systems
that utilize strong magnetic fields to identify charge and
momentum, the density of tra¢ks may double due to the
increased path length. Ideally, the tracking volume (about
50m3 ) will be be filled with low mass sensors to catch spon
taneous decays and accurately identify the track vectors.
If the rate in each sensor is held to a few megahertz and
80 samples of each track are required, at least 105 sensors
will be needed. Since the tracking system will exist within
a tightly closed calorimeter and magnet structure, power
dissipation, cabling, packing density and system noise will
be critical system design issues.

Small diameter, proportional drift tubes, ,traw" offer
excellent ootential for hieh orecision. multiole sample mea-

and cathode materials are the feeus of several investiga
tions that are attempting to address questions of manufac
turability, multiple scattering, electrical conductivity, and
mechanical integrity.

Using the known properties of the avalanche signal and
the electrical properties of the straw tube geometry, we
have designed a preamp and shaper optimized for the re
quirements of a densely packed straw tracking system at
the sse. The availability of a well developed set of mod
eling tools has made it possible to accurately predict the
performance of these circuits. In this paper we present
important aspects of the design cycle from the definition
of design goals to the fabrication and measurement of the
preamp and shaper in the following sections:

Section 2 - Straw Tube Signal Characteristics
Section 3 - Noise
Section 4 - Pulse Shaping
Section 5 - Available Technology
Section 6 - Circuit Design
Section 7 - Prototype Fabrication
Section 8 - Measured Results

The signal processing electronics discussed in this pa
per has been designed to to fit within a highly multiplexed
power efficient readout architecture proposed by us to al
Iowa nearly deadtimeless operation of the tra,cking detec
tor [2].

2 Straw tube Signal Characteristics

The measured Quantity in a straw tube is the time of



Low ioniza~ion datisties (about five clusters/mm, [4]),
,"&riations in pa~hlength Cor the track through the gas arid
for the primary ionisation cluders to the wire render pulse
height corrections ohiming useless. The best timing iafer
mation is therefcre ccatained in ~he early par~ of the signal
from the first arriving cluster. This implies that the shaner
rise ~~e should be fast and tha~ the mean aTa.1anche g~
for a single cluster should produce a signal several times
larger than the inheren~ noise of the !ron~ end electronics.
The maximum gain is limited, however, to somewhere be
~ween 104 and 10' due ~o hea~ dissipation and radiation
damage considerations in ~he high rate environment [7].

To understand the amount of available signal, we exam
ine the time development of the straw Dulse. The reader
is referred to reference [11] {or more detail. The ionization
avalanche takes place in the high field gradient region near
the wire. Freed electrons produce only a small part of the
actual signal since they are a~ nearly the same po~entia.l as
the wire. Most of the signal is produced by positive ions
as ~h~y ~ravel toward the cathode. The time development
of thlS. slgna! depends on positive ion mobility, P+, wire
potential, VOl and the geometry of tube with inner radius,
b, and wire diameter, a, as given by:
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Figure 1: The His~ogrambelow is a simulation result she..
ing of the effects of intrinsic noise Crom the straw, amplifier
and shaper on timing resolution. The straw to is 2ns and
electronic t"" Sns, SIN is 6:1 and the effective thresheld is
3 times the RMS noise.

(1)
Q ID(1 + t/to)

Qm = 21n(b/c) ,

where

to = c21n(b/c)/2p+Vo• (2)

For a typical straw tube io is siighiiy less than 2ns and
21n(b/c) is abou~ 10. Af~er three to (about Sns) only
14% of the induced charge has been collected. Ad~g 2%
for the electron contribution, only abou~ 16% of the total
charge has been collected for a single avalanche cluster.
If the wire gain is 10', this gives a maximum available
signal of 16,000 electrons. For straw tubes wi~h impedance
matching termination only hal! of this charge is available.

We estimated the time resolution using a Monte Carlo
technique summing the input signal with random noise and
recording the time to cross a selected voltage a~ the shaper
output. Figure 1 shows a simulation result of the effect
of in~rinsic noise Crom the straw and preamplifier with
multipole shaping on the timing resolution. The signal

... '-- ~. __ ..J ... 'l..._

signal to remain over threshold will increase the dead time
and therefore the effective occupa.ncy. It. is critical for the
signa.l into the discriminator to return to baseline as soon
as possible a.fter the a.rrival o!t.he last avalanche cluster.

With a charge collection time of Sns, 84% of the sig
nal from ea.ch avala.nche cluster remains to contribut.e a.n
unwanted detector taiL This ma.y be nearly elimina.ted
by using compensa.tion networks [I, 4]. One concern of
these cancellation networks is the saturation characteristic
of the electronics. Passive ca.ncellation depends on linear
amplifica.tion of the input signa.l. The cancellation should
the~efore occur ~ ea.rly as possible in the signal processing
cham a.nd suffiCIent dyna.mic range should be available to
handle the la.rgest expected signals Crom the sensor at that
point.



Table 1: Design Goals for Preamp/Sheper.

and shaper to limit the effects of process variations and to
provides common mode rejection of power supply noise. In
the shaper, sensitivity to common mode gain is reduced by
the use of current sources in each of the differential stages.

Intrinsic noise sources are generally categorized as ther
mal, shot, and l//noise. With present silicon technologies,
only thermal and shot noise contribute significantly to the
noise power spectrum for fast shaping times. While a thor
ough treatment is available in ref [10], it is useful to discuss
the calculation of the RMS equivalent input noise eharae,
EN~. - - _.

Charge collected from the sensor during the measure
ment time in conjunction with ENG; can be used to define
a signal to noise ratio, S/ N, in charge sensitive detectors.

To evaluate intrinsic noise in the signal processing sys
tem, sources are assumed to be non-correlated. They
are identified and modeled as independent voltage or cur
rent sources in series or parallel with an ideal noiseless
amplifier.

Series noise sources such as connection and wire resis
tance inject voltage noise, e,,, between the sensor and the
amplifier. Parallel noise sources such as termination resis
tance add current noise, in, between the input and ground.

RMS contributions from each source are summed ac
cording to category to produce the total equivalent RMS
voltage, en2, and current, in2. These are used in con
junction with the desired shaping function to predict the
equivalent noise charge, ENG;, and determine the intrin
sic SIN for charge sensitive amplifiers. When the shaping
function is known, contributions from parallel and series
noise sources can be properly weighted and the ENC; can
be calculated using the expression below [9].

(4)

· .

Total Noise
Power

: Dynamic Range
I Input Impedance
IRise Time
: Double Pulse Res.

Packing Density

<2500 R.M.S. electrons E.N.C.
5-20m W per channel
5 bits, good saturation recovery
100-2000, < straw impedance
5-7ns to minimize time jitter
<20ns
4 - 16 channels/ em 3

parallel noise that dominates ENCc as is shown in Section
6.2 .

4 Pulse Shaping

As mentioned above, the requirements on shaping are
to provide sufficient rise time for leading edge detection
of avalanche clusters with sub-nanosecond accuracy, to be
capable of retriggering as soon as possible after the pas
sage of a track and to provide sufficient noise filtering to
allow operation of the straw tubes at a gain of 105 or less.
Signals into the discriminator should therefore have both a
fast rise and fall time moderated only by noise and power
constraints.

Detailed discussion of pulse shaping techniques can be
found in references [9, 10]. For this design we han imple
mented a near Gaussian shaping by adding several equiva
lent integrations (or poles) in a shaping amplifier following
the preamplifier. The preamplifier has one lower frequency
pole that is cancelled by the addition of a matching zero
prior to the shaping stage and one higher frequency pole
that can be tuned to match the poles in the shaper or
set to a higher frequency. The impulse response for ideal
equivalent multipole shaping is given by:

V = (_t_)"e"-c/c;
nt,

where there are n + 1 poles or shaping stages with integra
tion time t,.

This equation is normalized to unity at its peak when
t = nt, and is suitable for use as the weighting function,
h(t), encountered in the calculation of the- fact~rs 0, and
Q p

1 in the expression for ENCl, (3). The value nt; is
the measurement time, tm • A graph of this function for
several values of n is shown by the solid lines in figure 2.
The n = 1 curve corresponds to simple RC-CR shaping
where the differentiation and integration time constants of
the preamplifier are equivalent and no additional shaping
poles are used. After three measurement times 40% of the
pulse remains. In contrast, less than 3% remains for the
n = 4 curve.

In our amplifier this shaping is realized using three differ
ential stages following the preamp, each with a simple RC
integratioD, t,. The points in the figure show the SPICE
simulation result for the fabricated version of the amplifier



Figure 2: Equivalent multiple pole shaping function with
simulation data £rom the prototype shapero

Table 3: Typical matching and tolerance speeificatiol1S tor
semi-custom bipolar integrated cUcuits.

ATTPULSE.va.SHAPING FUNCTION
T"'I ...,........

25 1
25 1

10 1·5

Resators

Capacitors
NiCr
ab

- I Tolerance
--:;.:::.:..._-- Absolute % i Matching %

._-- --------
Absolute Matc:hing

V•• :I: 50mV :2mV
13 ±50% :5%
CCI,Cie, :I: 20% complicated
C;.. C..

IType

Type Tolerance

Z IIrT .......

- II.' IllCoCRl

- ,.-1
- ".J- ....- .-1'

211010 •
time in nl

•c

u------------

c.,-+.--*IM-~------

c.,-+If-''"'~-------

,,

Table 2: Tabulated values a.re based on equivalent total
drain or collector current of ImA. Note that the la.rge
value of input capacita.nce for the tra.nsistor in weak inver
sion is a result of the low current densities required.

MIM :30 I -1 I
stray - 40 I

.MOS Gate :1:15 - 1
stray- 30

Absolute % I Matching %

A semi-custom a.rray consists of a mi%ture of passive and
active devices already fixed in positioD. A design is com
pleted by speciiying the choice and ccaaeetiea of compo
nents using one or two metalliation layeu. A third step
that allows the deposition of custom thin film resistors is
available £rom lOme ma.nufacturers.

More expensive semi-custom options include the place
ment and suing components allowing the efficient use of
chip a.rea and access to a larger range of values for design
components. Since a full set of about 20 masks for the
silicon processing is required, the cost is usually five to ten
times greater than the semi-custom array.

Basic tra.nsistor characteristics are specified in terms of
gain (13), base emitter "oltage drop (V.,), base resistance
and parasitic capacitance.

Table 3 gives typical tolerance and matching specifica-

52
none

2.0
none

3.2

Technology BIPOLAR CMOS CMOS
Strong Inv. Weak Inv.

gm mS 38 11 25
Ie GHz 1.6 1.1 0.077
R..$ n 26 100 20-50
- .- . -

lar are most common. For fast shaping, silicon bipolar
offers the best noise and power performance of any avail
able silicon transistor process. Its high intrinsic gaiD a.nd
low value of terminal capacitance make it competitive in
power and superior in noise performance when compared
with FET and MOS technologies.

Table 2 compares the intrinsic noise oCthe AT&cT CBIC
U bipolar process with a current 1.6pm Left' CMOS tech
nology first optimized for speed and then for noise perfor
mance. It should be noted that the base current in bipola.r

I JC...,. til
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Table 4: The Values below were compiled Uimg data from
measurement. ohest resistors on the AT&:T ALA201semi
custom array. Twelve .ample chips were selected ru
domly.

Specified Resistor Averase RMS
type Measured Variation

Value
4kO ab 4.39kO 5%
2000 P+ 2130 1%

Fig-~e 3: Simple C-ommoD Bue .-\mpllfier.

where o4KT is the thermal noise constant and Ri. =
4KT(/3/2qle ). In this form, base current eontributions to
parallel noise can be dheetly related to 'he noise in the
feedback resistor, RJ.

Serie, noi,e

controlled by feedback and is generally higher than the
cOmmon bue eonfiguratioD at the iawe collector current.
For similar noise performance, at the same collector cur
rent, the common base configuration requizesabout four
times as much resistance and dissipates much more power
than the (Ommeii emitter eOiifig-l1f&tioii [5]. For this re&
.on, we have chosen the eommon emitter eonfisuration.

The first three transistor. in Fisure 4 form a common
emitter configuration (A simpler version would omit Q12).
Expressions for the significant sources of series and par
allel noise are givell below:

P41'fJI'el noue

the specification and do not tend to be gaussian.
Matching of component values on the same wafer de

pends primarily on mask geometry. When the components
alE much largEi than the lithograpbic resolution limits,
matching (or ratioing) errors are less than a few percent.

Capacitors may be fabricated simply by ovedaping
metal from the upper two metwation layers manns a
metal insulatof metal, MIM, structure. This is UiU&lly Dot
very accurate in absolute value since the insulation layer
is not held to a close tolerance. A more ac:curate and less
flexible eapaeitanee is formed by the fabrication of an MOS

~ transistor with a large area gate. The gate to source eapac
itanee is defined by a thin layer of well controlled oxidation
and has a much higher capa.eitance per unit area than the
MIM capacitance.

Resistors are fabricated using P+ or active base, ab,
semi-conductor material and from thin fUm materials such
as nickel chromium. Our measurements of resistance on
twelve randomly selected AT&:T ALA201 prototype chips
irom the same waier are shown in Table 4. We were also
able to test on-chip matchins of the ab type resistance
using a probe station and two 4kO resistors in different
sub-sections of the array. The worst case on-chip variation

, . ,..""",measurec was l.~;)'o.

i~ =o4KT(I/Rill + 1/RJ) (5)

(6)

6 Circuit Design

8.1 Preamplifier

Circuit Configuratioll

where "II is the base resistance and g", is the traaseeadue
taaee, (g", =ie/tit where ie is eelleeter current, and l1c =
26m Vat room temperature) Since "II is geometry depen
dent, the equation above is use£ul in optimUing the sise of
the input tr~istor.



The lowest frequency pole of the amplifier it given

C.
Pl ;; l/R;(C; + g",Rc) (8)

where C. =C,.. + Cft + 2Cc6 +C/. Cff and Cell refer
to intrinsic and parasitic capacitance or Ql0.

It en be teeD that the opeD loop gil''', : ...R.c. is & c:rit~

ieal parameter in determ.i.Din1 the effect of detector and
other .tray capacitance on this pole. The open loop gain
can be quickly estimated with a knowledege oC only the
power supply Yoltage. Ipor..n: the voltage drop in the
f'eedbuk resistor &Dd rea.rre.ngiDg (7) with 9m = Ie/Vi.
g",Re ~ (~c - 2tfh)!.026 or aboat 70. Large detector
capacitance it accomodated by rwing the power supply
vc!tase, ~Ct which mCleuel ,"".

By keeping the term C.. /g"'4>~ much ;maJJer than
R,CI, Pl is reduced to l/R,C,. This allows excellent
matching for the pole-Iero cancellation.

The ileAi highei uequeiiey pole ii &ppfo~a\ely given
by:

Figure 4: Common EmiUer Preamplifier with dominant
pole,l/R,C" Zero at 1/2C.R. and Jingle stage mtegra
tion., R.;Co

C-.,. 01"\(1 Co "'.=""s.l'I1' cor-QSl'tu:

c.~OQ,c.'t:.I"'II:~ on,1'

"e' 0 BpF" Co oo.pr

"J_R_:_C·_: ~Q20
v ees .... -....J I
L.-,... Oi! I

010

and at high uequciiclei by:

where C:: = C: + C4:/gmRc'
It is useful to note the matching cODdition for low and

high ueqllency COt application. where the preamplifier in
put impeduee must be controlled,

(9)

(10)

(11)

P2 =g", ( fj!t--.+ CI)

- ""-"".
where C. is the total stray capacitance at the collector

of Q12.Increasmg th~ open loop gain pushes the po~
higher frequencies. This pole determines the pream!
time.

With the open loop gain much greater than one, the
input impedance at frequencies below 1/R,C, is approxi
mately given by:

bandwidth. SPICE models for ~he CBIc-U process ;1I!li
eate that the unity gllin b&ndwidth; fa; of th,c tran!i!tor
is about 1GHz at 500pA of eelleeter current. The ca.seode
transistor. Q12. serves to separate the functions of current
and voltage gain. It eliminates Miller effect amplification
of QIO's collector to base eapaeitanee, Ceo, by oft'erUlI a
low impedance input for the eelleeter of QI0. Q12 is efl'ec
tivly a common base amplliier with a capacitance ol about
2pP a.t its input (emitter) nede. This transistor truIlates
the a.mpWied euneii~ signa.l ilito a voltage &CrOD Rc • By
choosing Q12 to be a minimum sized device, the collector
current density is increased. This anows operation closer to
...L ~ __ ~ '_.I t """ ~ • ••• • . --
vne peal: II anQ m..uwD.l%es tne eeueetor capacuance. 'Ule
collector node is isolated from the output and the priDcipai
feedbac:k by Q20, a voltage follower.

Feedback is applied from the emitter of Q20 to the bue
ofQ10 by a 20£:0 resistor and 0.3pFcapacitor, completing
the transimpedance amplifier. This Shunt·Sh.unt feedback
serves to reduce the input impedance and stabilise the gain
[6].

The current density in QIO and Q20 is similar aDd there
fore the base emitter voltalle droe. V1•. is n""ar)v tit"" ..."'".



Q31 contaiDa & ze1"'O intended ~ cancel the tail due to Ph
(8), in the preamplifier. The value oCthis sere is given by:

where R. is the resistance connected to ODe of the emitters
and C. is the capacitance that is .hunt connected between
them.

If' PI is dominated by the feedback elements, the cancel
lation cODdition is: .

Figure 5: The plot. below .how calculated ENC. f'or our
prototype preamplifier u & function of detector eapaci
tuce for difi'erent numbers of .haping .tages. The DoiJe
contribution due to a 3000 termiuaiion resisior in has been
included ift the lower plot.

ENC..vs..Oetector Cap.
1-5 Shaping I)Olel. tmeSne

No Termination Reailtor

Z = 1/2R.C. (13)

For the last .tage. the value of i, will be about 10%
longer due to the sise of the output transistor. It is tempt
mg to look into the design for other poles to match I/t i

so that lome or all of the shaping stages might be elim-

This implies that the accuracy of' this cancellation is de
termined onll hi the m&t~";n: or !hese components. It
.hould be recalled that in integtated circuits, matching of
puiin rpml¥'uents is geometry dependent and usually ac
curate to within a lew perceDt. ID reality, CJ above must
be replaced by CJ_ u defiDed in ( 11) if an accuracy of
this precisioD is required.

The ratio C,/CJ approximately .ets the signal gaiD in
the the first stage. To minimise the effects of'intriDsic noise
!rom this and following stages, it it neee5SUY to make this
ratio much larger than unity. Detailed calculations for the
prototype amplifier predict a factor of two difi'erence in
ENe: for ratio values of2.5 and 5.0 and diminishing gains
afterwards u the noise in QI0 begins to dominate.

Shaping Stage.

The integratioD time constant. t." in the equivalent mul
tipele shaping equation, (4), it let by the collector resis
taDce and total parasitic capachance at the collector of
each differential pair.

With the collector bue capacitaDce, Ceb. the collector
substrate capacitance, C" , the interconnect capacitance,
Cit and the collector resistor Rt. the integration time con
stant is giveD by:

(15)

(l4)

_1-
.,ooooooL:---_- -~ft-1 ... j--:.:...:.-i.--;----:-=JL: \

~~~~~~~~~;;;~-iiiii---ii L; I I
'OOCH - -" zi --r--- -+-j

--1--- --- . ' · H
0 1 _. --------------_....-'
o I ~ • • " •

D."eta, Caoaclt8ftCe

-ft-' -,.-a -·"-1 -ft •• - ....

ENC..vs•.Detector Cap.
1-5 Shaping poIel. tm-Sna
300 Ohm termination fnlltor

---ft-' -,,-t ---ft-' -".., -til-a

6.2 Shaping Amplifier

Referring to the schematic for the prototype preampli
fier, Figure 6, tiansistors Qll, Q13 t ;.nc! Q21, form I. dupli
cate circuit which has been bandwidth limited to provide a
DC balance for input to the difi'erential shaping amplifier.

The shaping amplifier consists of'thzee balanced differ
ential stages. It should be recalled that each stage acts u
an independent, matched integration. or pole. to produce

• ~ .. - ~ __ .&.! ..1



Figure 8: Input impeduce measurement with simulation
data superimposed.

Figure g: Shaper response for a 11'C input taken by
HP54l11D digitizing o.cilliscope, set to average over 4u

pulses.
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sured using an HP4I95A spectrum analyser with simula
tion data superimposed.

Figure 9 shows the shaper response for a I1'C input pulse
formed by injecting a I m V signal into a IpF eapacitor.
The amplitude of this pulse is with.iu 15% or the value
predicted by SPICE simulation and is well within range of
uncertainty in the measurement.

Noise has been measured using the discriminator effi
ciency technique described in Reference [8]. In this method
a calibrated pulse is input to the preamplifier. The shaper
output is connected to a discriminator and the threshold
required for 12%,50%, and 88% efficiency is recorded. The
50% point is used to calibrate the threshold :I and the val
ues at 12% and 88% are subtracted to find the FWHM of
the noise distribu tien.

supply setting wu not optimised for the simulations or
the measurement, the shaping time is increasing as the de
tector capacitance goes above 10pF . The calculation does
not account for this and eventually interseeis the measured
and simulated data.

Meuuremenil with Straw tube.

Figure 11 .hows signals at the shaper output with the
prototype connected to a 7mm diameter stainless steel
straw tube. The straw was filled with P·I0 gas a.nd op
erated at 1600V with a 37.5 ~m sense wire. A cosmic rav
coincidence wu used to trigger the scope. Only about 10%
ofthe triggers were accompanied by signals in the chamber
due to the differences in sensitive area. Deteeted du!tt..~"



· ..

Figure 6: Schematic Cor prototype preamp and shapero

Figure 7: Schematic Cor line driver circuit.
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8.3 GaiA

The gain in the preamplifier is largely determined by
the me oC the Ceedbaek capacitor, Cf' when it dominates
PI and when P2 is much larger than Pl. The preamplifier
responds to an impulse input by placiDg a neady makh
ing charge on the Ceedbaek capacitor, effectively canceling
the signal at the input. The resultant voltage across this
capacitor determines the gain. In the Cabricated vemon
oC the preamp the gain is approximately 2m Y per Cemto
coulomb or about 70% percent oC what is expected using
the simplified explanation above. This allows a comCort
able margin in signal to noise, since the equivalent RMS
noise voltage at the input to the shaper is less than 100~Y.

The gain in the shaper was held to 10 to limit the power.
Only the first and third stage have greater than unity gain.
Th~ second stage penorms level shif'ting. This allows the
differential pair in the output stage to have a high standing
current and full dynamic range without saturation. The
total gain Cor the preamp and shaper is then 20m V per
Cemtocoulomb.

6.4 Power

The power dissipation in the preamp and balance section
is about 6m W (3m W per side) and 5m W in the shaper,
adjusted for detector capacitance oC 5pF . When adjusted
for a 1OpF detector capacitance, simulation shows that "Vec
must be set to about 4.2V to maintain the n = 4 shaping
shown in Figure 2. The total power requirement is then
about 16mW.

7 Prototype Fabrication

The prototype amplifier and shaper shown in Figure 6
was fabricated using the AT&T ALA201 semi-custom ar
ray. Minimum sized NPN transistors in this array have
15~m of effective emitter length. The base resistance is
typically 750 and current gain is 150. The maximum Ie is
about 4GB: at about 3mA of collector current.

The array consists of six tile areas: five are general pur
pose and one contains power transistors. In each general
purpose tile there are seven PNP and twelve NPN transis
tors. In addition, there are forty-two center tapped resis
tors ranging in size from 500 to 4kO and three picofarads
of programmable capacitance.

A. ~~Y9'\PIol. ~n"'.""".ft"'.ft. "'.,,,•• ~';.jIIO ... :. {~ .... ~:,..... _ '7\ f ..... : .. _



Figure 10: Comparison or calculated, simulated and mea.
sured noise.
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9 Conclusion

The a.ccuracy of SPICE based simulation has been con
finned in the successful design of a fast, low power and
Jow noise preamplifier fabricated using the AT&::T ALA201
semi-custom array. Preliminary tests of the prototype am
plifier and shaper indicate that the design go&1s have been
met. Our first measurements of the prototype preamp and
shaper when attached to a straw sensor suggest that it CaD

detect single ionization clusters with good signal to noise
and fast rise times. More detailed measurements must be
completed to understand if the signal processing objectives
of low gain operation and good position resolution for the
instrumented straw sensor can be achieved using this de
sign.
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Figure 11: The plots beloif are ieleeted output ifave{ormi eaptuied urwg the RP5l11D digitiiiiig oseilliscope connected
to the prototype shaper output. The preamplifier is connected to a 7mm straw tube with & 37.5~m berrilliuID copper
wile at l600V. A scintillator coincidence ifU iiSed to trigger the .eope. All but oue o{ the ploia below were selected
due to the presence of signal. The arrival of seperate clusters is dearly indicated .
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with C. given Dr

1
Zo=Ro+~c. 'JW 0

- I R \.. _ ~ I ...>..r!.lr.Jt"'\

where

A lou1 transmission line also h.. an attenuatioD associated
with it,·

2";LC
Co =R- G(L/C)·

R/Zo -1
p= R/Zo + 1·

A lossy trusmission line is ehaza.cter&led by two &deli=
tiona! terms: a, anode resistance per unit length, aad G,
related to the leabce current through the dielectric [2J. In
this ease the 'eullin.tioD iI

rr
Z", = R.. = \1-:.- - V C;

L and C are the inductanee and the capacitance per unit
length. A complete discussion oC transmission line theory
is given in ref. 1. The delay time, t4, is defined as t4 =
hiLC, "here I is the length oCihe transmission line and L
a.nd C are defined .. above. If the termination is different
from Zo, pan of the wave will be reflected. The reflection
coeftieeni p, defined u V_a =pl'a", is given by

impedance,

IntroductioD

As a pari or ihe effori io design a proiotype ora low iii••

tracking detector, we have developed an empiric&! model
of the high frequency behavior or small diameter preper
tiona.i draw tubes. The equivalent eiIcuii is a distributed
network oi RLe-clusters, where the va.iue oi the discreie
components is directly related to measurable char.den..
tics oC the em straws.

The model is an approximation oC the 1t7'C1Q .. a low lou
transmission line, and yieid. very good agreement with
measurements oC transmission and reflection coeftiunt•.
Measurements and simu1&tions of input impedance in fre
quency domain also agree well at frequencies below 120
MHz, when termination is close to Zo, the characteristic
impedance.

Ab.tract

Recent emphasis on the need Cor low mas. trackiDl de
tectors at high luminosity particle accelerators hu led to
A..D interest in the development or thin walled, .mall diam
eter gas proportion&! ,t1"GtI1 detedors.

Advanced modeling tools Cor electronic cUcuita allow 11&

to verl accurately simulate the behavior or amp!i.4iers i!l
terl'-eing the drJ\ tubes. In order to cptimilc the pete
Cormance for low noise, low power, and fast response it is
necessary to incorporate the tube .. a eiIcuit element ill
the design process.

h is aUractive to be able '0 model ...tftiw tube &i a .
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RaND
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For high Crequeneies rPc tends towards lero U CaD be seen
in the equation below

Our investigation showl to what extent this mode! iI
valid tor smA11 di~eter ,traw,.

Procedue

To perform this test we constructed a three-dimemonal
measurement matrix where the dimensions represented
cathode resistance, aaede diameter, a.nd length of draWl.

Two values of cathode resista.nce were used: commer
cially avaliable stai..nless sted tubes with a resista.nce of
0.02 O/m, and 50 um alum.ini.led mylar ,tretlll [3) with re
sistance of 120 O/m. Both mylar ,trawl and stai..nless .teel
tubes had an inner diameter of 6.9 mm.

The anode wire was gold-plated tungsten at three cllif'er
ent diameters: 25 p.m, 50 p.m, and 62-.5 Ilm. See Table 1
{or wire diameters and associated resistance, capacitance,
and inductance.

Measurements were made for It'l'ClW' of lendh 429 mm.
861 mm, and 1291 mm. - .. ~ -----,

Transmission and rdection measurements were made
with an HP 54111D OscilloscoDe. mDtlt imftMIUlt!~ _ a

function of Crequency was me;'-ured-'-.ith ,;.-BP-4195"\
Network/Spectrum Analyser.

Analog modeling was performed with SPICE on u IBM
3090 by fitting output from the circuit ';.mul&to: to the
meuuremellt data.

The modd suggested by transmission liDe theorr is a
network of linked RLC-clusters (see Fig. 1). each repre
senting a dL1'erentiaJ length elemen~ of the IiAe. The nJue
or ea.eh element in the individu&1 cluler is simpir ihe
value for the whole ,tra1D divided by the number ot du
ters. When calculating attenu.auon and termiAauon ea
pac:iia.nce, the ground path resistance a.nd a.nocie resist&Dce
was combined.

Re.ult.

Equivalent circuits with 20 dusten per meter provide &
..."",..1 16 :._ ...... _~ .. .J -----.:-- --~

Figure 1: Individual RLC-duster for transmission line
model of ,tra1D tube. Values for a simulation of a 429
mm dre1Dwith anode diameter of 50 p.m and cathode re
sistance of 120 Ojm: R =0.690, C: 0.24pF, L =21nH,
and RaND =1.290.

Models with fewer elements gave a poor fit to the data,
whiie expanding the number of sub-circuits up to 1000 per
meier iDcreased the computer time by several orders of
magnitude and provided only a few perceDt better agree
meDt.

Simulations in SPICE ot this model in the time do
maiD show good agreement with data (compare Fig. 2 and
Fic. 3). In frequency domaiD there is very good agree

~
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Figure 5: Comparison between measured and simulated (heavy line) input impedance (magnitude) (or 861 mm ,trcl1.ll

with low cathode resistance and 50 ~m anode diameter when terminated 10 percent awa1 from correct termination.

menta were made with both Zo =Ro and with a complex
termination, Zo =Ro + l/U""Co ). The complex termina
tion is better, i.e, Zift is closer to constant over frequency,
but both cues give very good agreement between measure
ments and our model.

Conclulion

The empirical model we have developed is valid up to
120 MHz, if termination is close to Zoo The result. of the
simulations with 20 RLC-clnsters per meter agree withiza
5 percent o{ the measured chazaderistic:s.

At frequencies above 120 MB. and when termiDatioD is
diiferent from Zo, simulations deTiate strongly from mea
sured data. Since OUI range or iIltereli is only lip to 100
MHs (signals with rise times of -5 n_), we have Dot m·
vestigated the discrepancies above 120 MB•• The probable
cause for the disagreement is paz:uitic capacitance ud u·
accounted for inductance.

The good agreement between our equivalent circuit and
meuurements makes this model a useful tool for design-

• ,.. _ n ~. _ __ ... _ ..J~.A.
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Development of TMC Chip and On-Chip Processing

Y. Arai
KEK, National Laborarory fOi High Eneigy Physics

1~J Oho, Tsukuba-shi, Ibaraki-ken, 305. Japan

Introduction

In the time measurement system of drift chambers at SSC, low-power and high-density TOe
chip is required for frontend electronics. If the circuit is composed of mostly digital circuit.
further processing within the chip will be possible. Particularly in large scale electronics system,
digital circuit is preferable compared with small voltage anaiogue electronics. Furthermore, it will
be easier to buffer and move the data in multi-level trigger scheme.

To realize the above functions, idea of the TMC was born in 1986 [1) and a test chip was
produced in lY88[2,3]. Encouraged at the success of the test chip, a first useful chip (T~1Cl{){).4,

was designed and will be available soon. The T~ICl004 includes 4 channels of circuits and each
channel has 1024 bits time memories. Timing resolution of the chip is I ns and stores I IlS data
inside the chip. Technology used for TMC is 0.8 urn Bi-CMOS process, and about 100,000
transistors are implemented in 5.0 mm bv 5.6 mm chip area. Total power consumption for a
channel is estimated at about 7 mW for ioo kHz trigger rate.' .

There are many directions to extend the ability ofthe TMC chip. One direction is to include
data processing capability such as track finding and TO finding. Another direction is to improve
performance; increase the number of channels in a chip, improve timing resolution, extend
capacity of the memory. In addition to these possibility, it may be possible to include preamp /
shaper i discriminator circuits in the same chip as the TMC, because the present process already
has excellent bipolar transistors.

In this paper, I will describe about the design and expected performance of the TMClOO4
chip. I will also discuss about future possibility of the trigger and data processing within T~y1C

chip.

Design of TMC

Detailed descriptions of the TMC circuit are presented in several placesrI.2.3.4J. so only a
brief description is given here. Main components of the TMC are memories' and controlled delay
elements as shown in Fig.I. Write signal for the memories are delayed 1 ns for each memory, so
the input signal transition is recorded in the memory. Block diagram of the TMC 1004 is shown
in Fig.2. The chip has 4 channel of circuit and each channel has 32 rows times 32 columns time
memory cells. To point write row and read row, there are two counters which are counted up
with external clock. Initial offset of these counter, which is set through CSR registers, is
corresponds to trigger decision time.

Each delay element is controlled by referencing external clock of 32 ns period. Fig.3 shows
the characteristics of the delay element. If the delay time is not controlled, the delay value will
change more than 20% with variation of power supply voltage, temperature and transistor
threshold. By controlling a gate voltage (Vg) of the delay element by the feedback circuit, the
delav time will be keot within 3%.
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Fig.2 Block Diagram of the TMClOO4
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FigJ Delay characteristics of the delay element.

Table 1Data Encoding Logic. Detect 0 to 1position, and encode the position.
B' 5 f h oded d h f h bi 0 d1t o t e enc atarepresents t e contents 0 t e It ala.

BitPattern Encoded Data
33222 2 2 2 2 222 1 1 1 1 1 1 1 III
10987654321098765432109876543210 543 2 1 0
00000000000000000000000000000000 000000
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxl0 00000 1
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxlOO o 000 1 0
xxxxxxxxxxxxxxxxxxxxxxxxxxxxl000 000011. ·
10000000000000000000000000000000 011111
11111 1 1 1 1 1 1 1 1 I I 1 I 1 I I 1 1 III 1 1 I 1 111 IOU 0 0 0
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxl01 1 000 1 0
lxxxxxxxxxxxxxxxxxxxxxxxxxxxl0xl 100011

··10xxxxxxxxxxxxxxxxxxxxxxxxxxxxxl 111111
( X ••xx..x = 1..10..0 )



Most power consuming pan of the TMC is sense amp circuit. Because each channel has 32
sense am-ps, there are 128-sense amps in a chip. Sense amp has DC current path, and consumes
about 2 mW, so in total it consumes about 256 mW. As the readout operation is required only
when Digger comes, the DC current path is cut while not reading. Power consumption was
estimated and ploned as shown in Fig.S. The power consumption is depend on Digger (read out)
rate. For 100kHz trigger rate and read out data in 4 rows (128 bit), power consumption of a
channel is estimated at about 7 mW. This is order 2 less than the ordinary shift register circuit.

12,...-------ro-----......------,

10 ......-----+-----.-,f--~~~-_t

Nrow = 4

--I
(128 bit) I

300

Fig.5 Estimated power consumption vs Trigger rate

Although the TMC1004 is designed to have 1 ns time resolution, it will be possible to
improve time resolution. Direct way is to use more fine lithography such as 0.5 urn technology.
Another method is to construct the TMC cell using bipolar and CMOS transistor, or use two
tipl~" l;np~ !1nn tl!:lllr_ fh_ t4;ff,.. n,...,. nf th.c.-. 1;".~ ~_~. tao,.."' ,,,,, ,;11 _""r:Jo"'l. nro ."" n ... f\ ::;: nl.'
uv..... J ...u.v~ w.uw ..w.n. ............ """"~.&"" JI.'""... VA UJl ......"'" ........""'~ • .&. ••""'.,'" ....... ""' "f'""'-" I.J, ""'I'QUI"'" U~ LV 6'""''' V • .,J 11,3

time resolution.
The area of the present chip is only 5 mm by 5.6 mm. Even if we double the number of

channels (8 channel), and expand the memory capacity to 4 times larger (4 k bit), the circuit can
be contained in a 10 mm by 12 mm chip.

Trigger / Readout Processing

One attractive feature of using the VLSI chip in frontend is the possibility to include Digger
logic in the chip. Here I will show some examples for stiff track finding and TO (track passing
time) finding inside the TMC chip combined with the straw tube central tracker.

Track Digger in central tracker and muon chamber has been extensively studied by 1.
Chaprnanj S] by using track synchronizer method. He used analog method in which current
source/sink and capacitor are used to calculate TO timing. This TO finding method can be
implemented more easily in digital way by using controlled delay element of the TMC. Fig. 6 and
7 shows the simplified scheme of Stiff track and TO finding method.

~tiff ""~i'"'1r 1"'20" ~ tnnnn hv u,lrina rntnrinpnrp in ~ c:nnr.aof"'~'V"'~nf C:~UI tllh_~ I. '-'11_ t,,{,. '2l"\.lIt
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Fig.7 TOFinding scheme

In table 2, characteristic figures of straw tube central tracker is shown. Hit rate was taken
from the simulation of M. Asai[7]. Rapidity coverage of the chamber is assumed to be TJ= 1.65
and maximum length of tube is 3 m. Each tube is divided in 2 at z=O. Time jitter and walk are
calculated from naive approximation of initial signal. Jitter and walk seems to be manageable
value due to the dividing of tube and using of low noise preamplifier[8]. However, the hit rate
seems still to be high.

Summary

A new IDC chip which can be used in SSC environment was developed and available soon.
The chip was designed to work in deadtimeless readout scheme and multiple nigger in a detector
response time. The chip also has many possible features to include local trigger / data processing.
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Fig.6 Stiff Track Readout Scheme

To get TOinformation in the first level trigger, we can use the fact that sum of the drift time
for left and right side (TL and TR ) is almost constant for high momentum track (Fig.7). By
implementing two delay line of which length is same as the maximum drift time of the tube, left
and right signal coincidence at TOUT =TO+ TL + TR. Because the sum of the TL and TR is
equals to maximum drift time (TDrift), TO value is available as position of coincidence bit. TO
finding may be combined with stiff track finding, and one TO value can be get for a track in a
superlayer.

This method is also applicable for Z position finding by measuring the timing at the both ends
of the tube. Z coordinate measurement by time difference has several advantage from stereo wire
method. At first, the number of layers can be reduced to half. This also reduce the material in the
central tracker. The number of total electronics channel is almost same. As the same readout
electronics will be implemented at both sides, the electronics has redundancy. So even if one side
of electronics has broken, we still be able to get r-phi information from the tube. Timing accuracy
can be imoroved. because the Dulse height variation is compensated for both ends signal. To get
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Table 2 4 mrne Straw characteristic figures. (xd : track distance from anode wire)

(Gam-4xlO , measunng ume-5ns, Qs(xd-Omm)-30000e, Qs(xd-Imm)-67000e, Fast Gas
11{\f\.._J_~\ ~<..~ "'~".ICIo A.,..-r ~"lon"\"'" llJ'n 'I"'I"\"H~npt;,... t;',plrt'\
\ 1V\J.....JU/JI.3j, "'-1J.LY nou\"., r". ... & j .1"",,,""1111-" l"'V "."'611'"-'''''' .. & n ........../

r [em} 60 80 100 120 140 160
Hit Rate [MHz] 4.5 3.9 2.7 1.5 0.84 0.27
Length [m] 1.77 2.35 2.94 3.0 3.0 3.U
I1wire [rnA] 1.38 1.20 0.83 0.46 0.26 0.08
Chan~e [Jcm/5vear] 0.39 0.26 0.14 0.08 0.04 0.01
Capacitance [pF] 19.4 25.8 32.2 32.9 32.9 32.9
ENC Ie] 1530 1800 2100 2100 2100 2100
xd=Omm Jitter Ins] 0.26 0.31 0.35 0.36 0.36 0.36

Walk Ins] 0.47 0.55 0.63 0.64 0.64 0.64
xd=lmm Jitter Ins] 0.12 0.14 0.16 0.17 0.17 0.17

Walk Ins] 0.21 0.25 0.29 0.30 0.30 O.jO
- ,4 - - - - -
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Synchronizer Development Update
J. Chapman

University of Michigan

Ann Arbor, MI 48109 USA

Introduction

As an outgrowth of work on the question of tracking and triggering options for drift

tube devices in the SSC environments111 , I discovered that very simple circuits could

be implemented that held promise for first level triggering at the SSc[21
• These circuits

were named "Synchronizers'v'" since they output a signal that is synchronized with the

particle passage after a delay time equal to the maximum drift' time of the cells used. This

synchronized signal makes fast coincidence possible between axial and stereo layers for z

determination and collision tagging for crossing determination. This presentation us an

update of the program to explore the usefulness of these circuits and to construct versions

of the circuit in Application Specific Integrated Circuits, ASICs. We have fabricated and

tested at the most preliminary level, the first version of the circuit.

Circuit Concept

I will first review the features of the synchronizer circuit and then summarize the work

of the past 8 months, The circuit accepts input from three 1/2 cell staggered layers of

drift tubes. See figure 1 for two patterns of such tubes, the first (a) show the pattern

as constructed from closely packed straw tubes and (b) shows the pattern manifest from

rectangular tubes. The extreme pair of the three tubes are assumed to be radially aligned.

In both cases the drift times that result from the passage of a straight track can be

mathematically related. In the case of a linear drift-time distance relationship, the equation



of the last wire signal so that the total time from particle passage to the end of the wait

period is always equal to a fixed time. This is electronically possible since the wait time can

be calculated from the equation above using only drift time differences. When rewritten

by adding and subtracting terms, the time equation takes on a form that exhibits a one

to one relation to components of the synchronizer. This difference equation is of the form;

Ita - tIl
2 + It 2 -largest of(ta, tl)\ + 2twait - T

where twait is the time to wait from the last wire signal until the maximum drift time has

been reached. The circuit to accomplish the synchronizer is shown in figure 2. The inputs

labeled 1, 2, and 3 are assumed to be digital signals from the individual wire amplifier

discriminator circuits. They each set a flip-flop that retains the hit condition until reset.

A discussion of the reset conditions appears later.

•
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Synchronizer

FF
1

FF

FF

max
drift

angle

J: COMP

Figure2. The schematic of a synchronizer with circuitry for momentum selection. The

auto-reset and auto-calibration are not shown.

The three terms on the left of the difference equation are computed separately by

integrating current sources onto a common capacitor. The testing that the equation is

satisfied is performed by the comparator that reaches its trigger threshold when the left

terms equal the constant represented on the right of the equation. The three terms on the



i/2 on a capacitor for the time bet,\1l1een the arrival of the rust of the pair and the second

as given by the exclusive-or circuit. (Note also that this difference siznal is used to zate
- , - ""'"

the current i' onto a separate capacitor.) This part of the synchronizer computes the first

term in the difference equations. The solution of the drift time equation is further pursued

by the accumulation of the current i on the same capacitor beginning at the first of a)

the middle wire signal or b) the last of the radially aligned wires. This corresponds to

the second term in the difference equation. Logically this current should cease when the

second of a) and b) arrives. However; for electronic convenience the cu~ent is left on

so that the third term in the difference equation can be accomplished by the addition of

a second current i rather than by the introduction of a current 2i accompanyed by the

cessation of the current i. The calculation of the third term begins when all three signals

have arrived. The comparator sampling the voltage on the capacitor reaches its threshold

when the equation is solved. This occurs when the circuit has waited the appropriate time

to extend the arrivals one maximum drift time from the particle passage.

Momentum Restriction and Auto-Reset

The second capacitor and its current i' provide for a programmable momentum restric

tion. The timing difference of signals on the radially aligned wires measures the track angle

with respect to the chamber normal. This angle is linearly related to the track momentum

for constant solenoidal fields. If the time difference between these aligned wires exceeds

the threshold represented by the label "angle", then the output from the equation solution

is blocked and no external signal is generated. The synchronizer '\'Ilill therefore output

only when "stiff" tracks pass trough the tubes. The circuit resets, i.e., the flip-flops are

reset whenever the currently developing conditions are such that no output pulse will be

generated. This occurs when the computation of the left terms reaches the threshold of

the comparator without having all the tube signal flip-flops set and when the angle (rno-
... .. .... 'O. • 'I t. , " ,. ,. , .. T ".. • • , • ,. ."rne ntnrn l mm rnt has reacnea tne oiockmz concnuon. rmmecnate actrvation 01 tne reset
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accuracy required. Another potential problem is the variability of the synchronized timing.

Variations in gas pressure and temperature will change the drift time slightly. Circuit

variations will also lead to output signal variations. The presence of non-linearity in the

drift-time to distance relationship of gas tube detectors will also induce variations in the

timing output of the synchronizers since the circuit is based on a linear relationship. To

minimize the effect of these variations, a scheme of auto calibration has been proposed

for the synchronizer and studied in simulation. In this scheme the two currents, i, are

permitted to vary in a closed loop convergence cycle. Each current is modified until a

specific condition is met.

A simultaneous pulse on the radially aligned pair of wires followed by a pulse on the

1/2 cell staggered wire at the maximum drift time later corresponds to a radially aligned

track passing through the radially aligned pair. Such a pattern activates only the first

current i. Adjustment of this first current to give the output at the maximum drift time

(delay slightly through the circuit) represents the first step of the auto-calibration cycle.

The simultaneous arrival of all three tube signals corresponds to a radial track positioned

halfway between the wires. The timing of this track is representative of the half-cell drift

time. In the circuit the two currents, i, are both active for the time from the half-cell

time to the full-cell drift time. Adjustment of the second of the currents, i, to establish

the output at the desired maximum drift time is the second step in the auto-calibration

cycle. Adjustment of the currents for precise timing at the half-cell and full-cell drift time

effectively removes all circuit non-unifonnities and detector non-linearities as concerns.

Figure 3 shows the effect of this current optimization. With the nominal currents the

output timing variation rises with the fractional non-linearity in the drift-time distance

relationship. With the optimized currents, it remains small up to non-linearity of 40%.

The fractional non-linearity shown in figure 3 is parameterized as the magnitude of a

quadratic term at the largest drift distance. The figure is for round tubes with 50ns

maximum drift time.
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Figure3. The effect of drift-time distance non-linearities is shown for nominal currents

and for auto-calibration adjusted currents. While the timing jitter shows a

growth of (J with non-linearity in the case of nominal currents, no such growth

is seen for the circuit where the currents are adjusted to minimize the timing

variation for non-linear terms up to 40%.

Circuit Fabrication

The first fabrication of the synchronizer circuit includes auto-reset but does not include

auto-calibration electronics. The currents are derived from external supplied voltages so

that auto-calibration can be investigated through the use of external electronics. The
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on the oscilloscope. Figure 5 exhibits the scope traces for this condition. The results track

with amazing precision the simulation.

Synchronizer output _

nS 11.1

r"'v I

LeyI

f
l •8V I',: j Cl 0 P

: i,
I I i i

wi=t:±=:hJc! iii

[l
0 ' 88~~ j Iii I ! ~:,epjl:i

I ! ! I I i I
.. l. t I! V'vJ! I I

I ' " ': C :endOlei
SL8V iii iii + . .

i)I ;: i I ! Ii i
I I : \: I: , _,i,

i I I !""- I -

9. ey I
All flip-flops _ I I

I I
:t
I

sa

Figure4. An MSpice simulation of the synchronizer on the Mentor Graphics CAD

station.

Fut ure Plans



of the kind used in J1. detector systems. We plan to operate both long and short drift time

synchronizers wi th real chambers in a cosmic ray stand.

All flip-flops _

Synchronizer output _

lOns/div

Figure5. A comparative measurement of the chip performance under the same condi-
-.

tions as in figure 4. The actual timing is essentially identical to that of the

simulation.
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