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Abstract

All of the major sse proposed detectors use wire chambers in their tracking systems. The feasibility of wire chambers in an
sse detector has now been established by a number of groups planning detectors at SSe.The major advances during the past
year in understanding straw tube drif.t chambers are presented and several innovations in gaseous wire chambers are discussed.

Introduction

1 will try to review the work that has gone on
during the past year on wire chambers at SSe. The major
part of this will have to do with straw drift chambers,
since they are present in all three major detectors proposed
at sse. This talk is divided into two major parts. 1will
quickly review the wire chambers being planned for sse
detectors and then outline the major areas of research and
development for the sse environment. The R&D section
will concentrate on progress in drift cell design,
electronics and signal processing. and engineering aspects
of the tracking designs.

Wire Chambers at sse

SDC
The wire chamber tracking system that is being

planned for SDC is shown in Fi.g. I. It consists of a
central tracking system built from straw drift tubes
contained in modules as shown in Fig. 2. This design has
been worked on primarily by the Wire Tracking
Subsystem Group. 1 The central tracker uses 4 mm
diameter straws with lengths varying from 4 meters to 2
meters from the outside radius of 1.7 meters to the inside
0.70 meter layers. The total number of modules in the
two z halves is 1088 and the total number of straws is
about 188,000. As we will see, a good deal of the R&D
concerns itself with producing a simple construction and
assembly scheme for this large number of straws. The
modular approach for the construction will allow each
module to be tested with final electronics before insertion
into the tracker. The modules also group the straws in
precise position and support the wire load of
approximately 12 Kg per module. The tracking system in
the intermediate region is a radial wire chamber as shown
in Fig. 3. The tracking in the intermediate region is
being worked on primarily by the groups from the United
Kingdom. The present intermediate tracker consists of
a radial wire chamber module with a wire "bunch tagger
chamber" immediately in front. This tagger has sufficient
timing resolution to select the proper crossing time for
each event and tag the event for the somewhat slower

radial wire chambers. There would be five radial modules
required for a precise measurement of the track momentum
in the forward direction.

I:

Fig. I. Tracking system for the SOC detector. The straw
chamber superlayers surround the silicon system and radial
wire chambers are used in the intermediate angle region.
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Fig.2. Straw module holding 196 straws. The module
walls are constructed from a 250 J.1 carbon fiber
composite.



Fig.3. An exploded view of theradialwirechamber with
a bunch tagger and a transition radiation section in front,

Work is also being done on a "Hybrid" detector,
consisting of axial straw superlayers and scintillating
fiber stereo layers. This has been pursued in some detail
by the Hybrid Tracking Subsystem Group.2 The Hybrid
tracker is shown in Fig.4. Thestrawlayers are glued to a
precision cylinder, supported from each end by a conical
support Stereo scintillating fibers are attached to a
separate support cylinder on the outer2 or 3 superlayers.
The tracker would use 4 mm straws and 750 micron
scintillating fibers.
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Fig.4. Superlayer structure for theHybrid Chamber.

EMPACT
The EMPACT tracker is shown in Fig. 5. As

shown in the detailed close-up, straw chambers are used
for tracking and transition radiation detectors. Thesedrift
tubes are arranged in modules thatspana small deltaphi,

delta z region. There are a total of 38SK readout channels
for this strawtracker. Although TDCswillnotbe used for
each channel, the pulse height will be digitized for
electron Id, This wire tracking and electron id work is
being pursued by Boston University and Brookhaven
National Laboratory.

Fig. 5. End and side viewsof the EMPACT detector. The
TRD chambers usestraw lUbes.

LSTAR
The central wire and scintillating fiber tracker for

the LSTAR detectorcan be seen in Fig. 6. The strawtube
chamber fills the region from a radius of 40 ern out to
75 cm and is about 2.8 meters long. The straw tracking
system has about 75K channelswith TDCs on all wires
~ i~ the. Hybrid system, the stereotracking is donewith
SCintillating fibers. The groups working on the straw
ch~mbe~s are .from ~oston University, New Mexico
University, Indiana University and Los Alamos National
Laboratory,

Fig. 6. The tracker for the LSTAR detector. The outer
straw and scintillating fiber modules surround a silicon
system.
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Major Areas of R&D for the SSC
Environment

Fig. 7. The radialdependence of the hit rate. occupancy,
andcurrent draw versus radius of superlayers,
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Fig. 8. Drift time distributions in a 4 mm strawfor CF4
Isobutane (20%).

Gas selection:
CF4-Isobutane(20%) appears we can be the most

promising gas for use at SSC. In Fig. 8 the drift time
distribution for a 4 mm straw drifttube filled with CF4
Isobutane(20%) is shown. It has a drift time of about 19
ns, Additional measurements with 20% Isobutane show
that strawchambers are fullyefficient above1900volts.

Detailed measurements of the gainhavebeen'made
by several groups'', As shown in Fig. 9. the gain of the
CF4-Isobutane chambers is about 30.000 at 1900 volts
for 4 mm straws and 25 11 wire diameter. The
measurements shown in the figure were made on a 3.5
meter straw system. At PrincetonUniversity the single
cluster timing distributions have been measured.' These
were used to determine the diffusion limit of spatial
resolution for 3.5 mm drifts. As can be seen from Fig.
10. the diffusion limit for CF4-Isobutane is about40 11.
Allof thesemeasurements indicate thata fastefficient gas
with good resolution in already in hand for the design of
strawchambers.

•

Drirt Cell Research
One of the central concerns in tracking at the SSC

withstrawchambers is shown in Fig. 7. This plot shows
theoccupancy. hit rate.andcurrentfor a strawdriftcell in
the SOC detector as a function of the radius. The cells
were assumed to be half the length of the detector. The
calculation was was carried out at KEK3 and used a
PYTIlIA particle generator. and GEANT for detector
simulation. All known materials were included in the
model, and looping tracks in themagnetic fieldwereused.
We see that we can expect occupancies near 16% at the
inner radius. and currents of up to .6 11 amps. Similar
calculations havebeen carried out by other groups4 and
are in agreement withthesebasicnumbers.
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Although the occupancy is high. a Monte Carlo
study at ColoradoS has shown that the number of hits
found in a superJayer remains veryhigheven in the inner
super- layers. The number of good 7 hit segments in a
super- layer with 8 layers is about 90% at design
luminosity at 75 em radius and climbs to about 98% at
theoutersuper- layer. This is is a veryencouraging study
andis beingcontinued withmorerealistic tubeefficiencies
to determine theoptimal number of straw layers.

These simulation studies show us what we can
expect at SSC and whatsortof detectors willbe required.
However, what must now be addressed is whether such
detectors exist or can be built. This past year there has
been a considerable amount of work on straw drift
chamber R&D.
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Fig. II. The gain of a contaminated straw chamber
system with CF4-lsobutane(20%) and Ar-ethane (50%) as
a function of totalcharge.

A dramatic test of an operating strawchamber has
been reported by a group at BostonUniversity.l1 A 25
strawarraywassubjected to a 0.5 MeVneutron flux of7
x 107 I em 21sec. The strawchambers usedCF4gas and
was running typically at 5 MHz. and drawing IS ua of
current The total f1uence of neutrons was6.5x 10141 cm
2 and no damage or gain loss wasreported. Bothof these
testsgiveus confidence that the radiation levelspredicted
for SSC will present no obstacte to the operation of
straw chambers.

Fig. 10. Diffusion limit for CF4.!sobutane for 3.5 mm
drift.

Wire lifetimes
There are a number of questions to be addressed

concerning the lifetime of straw chambers at SSC. It is
expected that wiregainand long term contamination will
be a function of the gas used in the drift cell. However,
the other area of concern is the mechanical or structural
damage due to the high radiation dose of components.
During thispast yearthere hasbeenconsiderable progress
in thisareas.

In Fig. II we show some of the work that has
been done at LBL.8 The wire gain of CF4 •
Isobutane(20%) is compared to Ar/ethane with a known
contaminant injected in the chamber. The CF4gas show
little sign of damage, but the Ar/ethane gain is seriously
degraded. It appears that the CF4flsobutane mixture has
the ability to clean the signal wires. This has been also
reported by a group at TRIUMF.9 In Fig. 12 a
previously contaminated chamber running on
Argon/Ethane is shown to return to its original Slate when
running in CF4.Isobutane. Thedamaged areawasisolated
to a small region in the middle of the wire. After an
accumulated charge of about I Clem it had completely
recovered.

These measurements give us confidence that wire
gainshould remain constant at the SSC over the lifetime
of theexperiment for luminosities far above thedesign.
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Neutron Damage
There were two reports at this conference on

neutron damage to straw chambers. The North Carolina
State reactor PULSTAR 10 was used to irradiate mylar
straws and glued straws in chamber arrays with thermal
neutron fluences up to 1016 cm·2 and fast neutrons
fiuences up to lOIS cm-2. The basics strawcomponents
are confirmed to survive at much higher fluences than
those expected at SSC.
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Fig. 12. The pulseheightof a straw
driftchamber witha contaminated central region (10 ern)
fordifferent amounts of total charge deposited.



Electronic related R&D

Termination has also beenapplied to eliminate the
reflected signal.The attenuation of reflected pulse in the
figure indicates one of the areas of interestin R&D. This
attenuation comes about due to the resistivity of the
cathode material and the signal wire. The resistance of
both wireand cathode were about 100 ohm/meter in the
testshown in thefigure, whereas thecoaxial impedance of
the strawIsabout300 ohms.

The signal attenuation in strawchambers hasbeen
measured by several groups13 and is shown in Fig. 14.
The average attenuation length Is about S meters. There
areseveral ways to increase the attenuation length. Worle
Is in progress on withlowerresistance cathodes arid larger
diameter wires. The effect of appreciable attenuation
would require an increase of gain in the straws and might
require a more elaborate analysis to D\.lllin the desired
timen'SPlution.
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Fig. 14. Measurements of the sigljal attenuation for a
2.3 meterstraws.

Signal electronics
The drift chamber electronics has been worked on

by groups from University of Pennsylvanial'[ and the
Japanese laboratory, KEK1S. The system that is being
designed by the group from the US is shown in Fig. 15.
It consists of a preamplifier, shaper, discriminator, and
time to voltage convertor, and an analog memory for the
Levelland Level2 triggers. Theirdesign has progressed
significantly in the past year. They now have prototype
chips with low threshold, low power and radiation
hardness sufficientfor SSC. The prototype preamplifiers
have been used on severalof the straw chambers, in fact
theywerecrucial in the measurements of thesingle cluster
characteristic presented by Princeton University. We
anticipate that in the next year we will have a sufficient
quantity of the amplifiers and shapers to test several straw
modules. The time to voltage converters (TVC) and the
analog storage are shown in somewhat moredetail in Fig.
16.We anticipate that the firstprototypes of thiswillalso
be available next year. KEK is working on an alternative
method (the TMC) of measuring the time and storing it
for a level I trigger.
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Signal size
There are a large number of electronics related

issues under study. These include measurements of the
signal size,effects of strawcapacitance and attenuation in
the straw chambers. There is also design of the preamps,
shapers and fastTOCunderway withan emphasis on high
density, low power consumption, and radiation hardness.
Finally, a design for a fast level one trigger has been
worked outandwillsoonbe tested on a straw module.

Detailed calculations of the signal size expected
with 3 meter straw chambers have been carried out at
KEK12 for a 7 mm straws with a slow gas (Arl Ethane).
It is expected that a 4 mm strawdiameter and a fast gas
like CF4- Isobutane will give more that twice the signal
size. From these calculations we can estimate the time
jitter and timewalkexpected in a 3 meterstraw at SSC.
There does not seem to any difficulty in principle to
attaining 100-150 micron position resolution.

In Fig. 13 a pulse in a 3.6 meterstrawchamber is
shown along with the reflection pulse from the
unterrninated end.

High Rate tests
The principle long range activity of the groups

working on straw chambers is to demonstrate that
traclcing in a high rate beam is possible. Ideally this
should be with a full length ( 3 meter) straw system.
Preparations are underway forsuchtests.

At Indiana University construction has startedon a
number of short64strawmodules. Thesecan be usedfor
trigger and electronics tests by members of the SOC
collaboration. A full length module is nowunderdesign at
OakRidgeandIndiana University. By nextsummer a full
scale module should be ready for testing. At Duke
University a full length cylinderof radius 0.8 meters is
beingconstructed. This prototype superlayer can be used
for high rate tests, and for verifying construction
techniques.

Fig. 13. The signal from an Fe 55 source for a 3.6 meter
straw system. The reflection pulse can be seen to be
attenuated.
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alongradial raysfrom the intersection region. In thiscase
a stiff trackwillproduce a fixed relationship between the
drift times in three successive straw layers. A
synchronizer circuitwill triggeron a stiff track within 30
ns of the arrival of the last pulse. The circuit has been
designed andconstructed. Testing willbegin this fall.
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Fig. 17. The Time Memory Chip for recording and
storing timing information from thestrawchambers.
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Fig. 15. A diagram of thestraw chamber electronics.

Fig. 16. Details of theTVCand level I and 2 oiggers.

ThisTimeMemory Converter or TMC is shown in
Fig.17. Thechiphasprogressed to thefabrication stage.
andshould be available to test in a chamber by theendof
the year. At University of Colorado there has been an
attempt to design the layout for all of the front end
electronics fora straw module. The resulting boardlayout
is shown in Fig. 18. This is an existence proof that a
compact layout of preamplifiers. shapers TVC along with
all dataand readout lineswill fit in the modular scheme.
The trigger electronics has also made real progress this
year. At the University of Michigan16 a real time trigger
has been designed to find stiff tracks in a straw
superlayer. The technique and the circuit is shown in
Figure 19.The scheme relies on the layout of strawwires

Fig. 18. A prototype layoutof the front end electronics
fora straw module.



Fig. 19. The synchronizer circuit for triggering on triads
of straw in thestraw superlayer.

This has been a very productive year for the
electronics R&D. Many circuits are now in the prototype
stage andare ready for testing. Thenextstepis to measure
thehigh ratecapabilities of the electronics and to confront
the important details of chamber design such as proper
straw resistance. proper wire attenuation, problems of
capacitance, shielding andgrounds.

Engineering R&D

Prototype Construction
Straw chamber prototypes have been built at

Indiana University, DukeUniversity, Boston University,
and Princeton University. The problems of wire support
and straw support have been solved in a number of
different ways. At Duke a 25 straw system has been
constructed. The straws were laid out and glued together
on a nat grooved substrate. The straw length was 2.7
meters and the diameter was4 mm. Measurements of the
horizontal position in various rows show that the straws
position for this configuration could be held to about 2
mils. This same system was instrumented and run at high
voltage successfully. There is an ongoing program to
studywaysto accurately layoutandglue thestraws to the
support cylinders in thishybrid scheme. A largeprototype
full length cylinderof 0.8 meter radius is being worked
on. At Princeton University there is also work on
building large structuriS of 7 mm diameter straws for a
BCD experiment. Several straw clusters have been
constructed anda novel method of pressurizing the straws
to handle them has been worked out.l? At Indiana
University a 6 straw 3.6 meter long assemble was tested

with electronics from University of Pennsylvania and
attenuation in the systemmeasured.IS The majorworkat
Indiana now, however, is the construction of modular
arrays to hold the straws in position. A 64 strawmodule
shown in Fig. 20 has been constructed and is now under
testing. The support shetl is 300 11 thick carbon fiber
composite. Theendplates havebeendesigned to havevery
little material. The positioning of the straws and wiresis
accomplished by self centering of the wire supports
within the shell. This wire support is shown in Fig. 21.
It consisted of two identical molded pieces that snap
together to form a cylinder with opposing V shaped
passages at eitherend. It has the addedadvantage that the
strawchamber can be strungafter beingassembled, or can
be rewired if thereis wirebreakage.

Fig. 20. Detail of the end and. side view of a 64 straw
module.

Fig. 21.Two viewof a "double V" wiresupport,



Design Studies

Modular Trackr
All of the tracker engineering construction

techniques are driven by the two somewhat incompatible
considerations: First the amount of material mustbe kept
small and second the straws and wires must be aligned
with about 50 micron precision and be stable in that
configuration.

The calculation of the radiation length versus eta
for the SDCtracking system shows that in the region of
theendplate of the central tracker thereis morethat 20%
of a radiation length. It is difficult to reduce this
significantly, sinceeachsuperlayer hasless than 1%of a
radiation length forperpendicular traversals, andabout1(1.
of this is from the straws themselves. The engineering
challenge is to design a support system with 60-75 m
tolerance with lightweight materials. Ones1port scheme
that has been designed by Westinghousek is shown in
Fig. 22. The modules are held in position by a rigid
support frame at three points. Theseframes haveto only
support themodules and not thewire tension, so theycan
be very light. They would be made from light weight
carbon composites. Each module has a set of alignment
pins that locate and hold it in position in the support
disks. Four of the eight superlayers would be stereo
layers. These are constructed by using thesamemodules
as in the axial layers, but rotating them by 3 degrees.
Modules could be assembled into the frame as the final
operation after all electronics testing was complete and
modules could be replaced in the case of accidental
damage.

Fig.22. An assembly drawing of one halfof the modular
driftchamber tracker showing thesupport system.

Hybrid Tracker
The hybrid central tracker is shown in Fig.4. The

design work on this tracker has been done at OakRidge
National Laboratory.20 In this concept the straws are
supported on full length cylinders that are held on the
ends by a cone and ring support. The details of the
endplate with utilities are shown in Fig.23. This endplate
must support wire tension for theentire cylinder, andalso
serve as the precision wire positioner. The amount of

material in the support cylinder is comparable to the
modular approach. however. there would needto beextra
cylinders for the scintillating fiber layers. During this
coming year both techniques will be designed in much
more detail.Themajor R&D for reduction of material is in
the endplates and utilities. This is being worked on at
ORNL.

Fig. 23. Details of the endplate for the Hybrid design,
showing utilities.

TRDTracker
At CERN 21 there have been several very

impressive testsof a straw tracking system coupled with
TRDpossibilities. A largearrayof straw tubes was tested
in a CERN beam line to verify that the TDR tracking
cell would give the resolution required by EMPACT.
They found that using only the cell hits (and not drift
time) theywereable to achieve an position resolution of
0.4 mm, At Boston University a strawless detector is
being developed.22 The idea is to combine two foam
molds with cylindrical depressions intoa Straw chamber.
This has the advantage of lowmass, easeof construction,
and economy of handing. It may well be excellent
solution to theshortstraw arrays required forEMPACT.

Intermediate Tracker

Radial Chamber
Theintermediate tracker design is beingworked on

by several groups in theUnited Kingdom.23 Thedesign is
based on the radial chambers being built for the HI
experiment at HERA. Thedetails of the design areshown
in Fig. 3. and Fig. 24. The present design involves 5
radial chambers position alongthe z axis.Theyeachspan
a 50 cm to 150cm radial space. Each has 300 azimuthal
cells with a maximum drift distance of 15.7mm. Within
eachmodule there are8 layers of driftcells. Thelong drift
times could be a problem at SSC where the bunch
crossing is 16 OS., so a plane of tagging counters is placed
in front of each radial chamber. These" bunch tagging
counters" are shown in Fig. 25.The tagging counter time
resolution is about threecrossing times. This has been
shown to be sufficient to result in good pattern
recognition in the radial chamber. The R&D effort at
present is concentrating on current draw in the voltage
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grading resistors. Because of the higher currents in the
chambers at SSCthis couldbe a difficult problem. Also
the Lorentz angle for the drift gas (CF4) must be
measured24• This work is already underway and flTst
results were presented at this conference. One of the
primary advantages of the radialwirechamber is that the
geometry matches thephysics in theforward region andan
excellent tracking system can be built with very few
electronics channels. It is anticipated that the totalchannel
countfrom both ends will be less thanSOK. There is also
an active design program on electronics for radial
chambers at Rutherford Laboratory. Alternative devices
suchas microstrip chambers are also understUdy.

Fig. 24. Details of a radial wire chamber. ,The SOC
version would have larger inner and outer radii and 300
sectors.

New Gaseous Chambers
In the intermediate region there have been a

number of proposed detectors in addition to theradial wire
chambers. Groups from Japan 2Sand Texas26 have been
developing a new type of gaseous discharge chamber caIIed
theknife edgechamber witha signal andcathode structure
printed on silicon. Reports from both groups were
presented at this conference. In the case of the Texas
design, an intermediate tracker hasbeen proposed and the
design started. Another technique being looked into at
University of Rochester27 is a resistive cathode driftcell,
This scheme effectively uses a drift pad with hexagonal
pads to fill theforward area. Eachpadhasa graded voltage
for electron to drift toward the center pin where they
avalanche. Scanning Tunneling Microscope pointscould

be use for the discharge pins.Workis underwayto design
in intermediate trackerwithsucha system.

Fig. 25.Details of the bunch taggercounterwhich covers
eachsectorand tagstheproperbunchcrossing time.

Summary

Wire chambers can play an important role at the
SSC. Although straw drift chamber are a mature
technique, there have been a number of innovations in
straw drift chambers during the past year. AIl of the
principle sse detectors have been developing straw
chambers and have concluded that such systems are
feasible. The countingrates in the straws are high,but
Monte Carlo studies indicate that tracking looks
promising at and abovedesign luminosity. The chamber
lifetimes with CF4gases look very good.and radiation
effects appear to be no problem at SSC for CF4gas
mixtures.

In the intermediateregion there is a radial wire
chamber design understudy and there are newer gaseous
chambers that lookpromising.

Full scale testsare beingplanned to verify tracking
at highratesand to confirm the triggering aspectof suaw
chambers.
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Abstract

Allof the major sse proposed detectors use wirechambers in their tracking systems. The feasibility of wirechambers in an
sse detector has nowbeen established by a number of groupsplanning detectors at SSe.The majoradvances during thepast
yearin understanding strawtube driftchambers are presented andseveral innovations in gaseous wirechambers arediscussed.

Introduction

I wiD try to review the work that has gone on
duringthe past yearon wirechambers at sse. The major
part of this will have to do with straw drift chambers,
sincetheyarepresentin all three major detectors proposed
at sse. This talk is divided into two major parts. I will
quickly review the wirechambers beingplanned for sse
detectors and thenoutline the majorareasof research and
development for the sse environment. The R&Dsection
will concentrate on progress in drift cell design,
electronics and signal processing. andengineering aspects
of the tracking designs.

Wire Chambers at sse

SDe
The wire chamber tracking system that is being

planned for SDe is shown in Fig. I. It consists of a
central tracking system built from straw drift tubes
contained in modules as shown in Fig. 2. This design has
been worked on primarily by the Wire Tracking
Subsystem Group. 1 The central tracker uses 4 mm
diameter straws with lengths varying from 4 meters to 2
meters from the outside radiusof 1.7 meters to the inside
0.70 meter layers. The total number of modules in the
two z halves is 1088 and the total number of straws is
about 188.000. As we will see. a good deal of the R&D
concerns itself with producing a simple construction and
assembly scheme for this large number of straws. The
modular approach for the construction will allow each
module to be tested with final electronics before insertion
into the tracker. The modules also group the straws in
precise position and support the wire load of
approximately 12Kg per module. The tracking system in
theintermediate region is a radial wirechamber as shown
in Fig. 3. The tracking in the intermediate region is
beingworked on primarily by the groups from the United
Kingdom. The presentintermediate tracker consists of
a radial wirechamber module with a wire "bunch tagger
chamber" immediately in front. This tagger has sufficient
timing resolution to select the proper crossing time for
eacheventandtag theeventfor thesomewhat slower

radial wirechambers. Therewouldbe five radiaI modules
required fora precise measurement of the track momentum
in theforwani direction.

4.000 '-'~---

3.000 '

Fig.L Tracking system for the SOC detector. The straw
chamber superlayers surround thesilicon system andradiaI
wirechambers are used in the intermediate angleregion.

118.62 MM

Fig.2. Straw module holding 196 straws. The module
walls are constructed from a 250 11 carbon fiber
composite.



Fig. 3. An exploded viewof theradialwirechamber with
a bunch tagger and a transition radiation section in front

Work is also being done on a "Hybrid" detector,
consisting of axial straw superlayers and scintillating
fiber stereo layers. This has been pursued in some detail
by the Hybrid Tracking Subsystem Group.2 The Hybrid
tracker is shown in Fig.4. Thestrawlayers are gluedto a
precision cylinder, supported from each end by a conical
support Stereo scintillating fibers are attached to a
separate support cylinder on the outer2 or 3 superiayers.
The tracker would use 4 mm straws and 750 micron
scintillating fibers.

{
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Fig.4. Superlayer structure for theHybrid Chamber.

EMPACT
The EMPACT tracker is shown in Fig. 5. As

shown in the detailedclose-up, straw chambers are used
for tracking and transition radiation detectors. Thesedri~t

tubes are arranged in modules that spana smalldeltaphi,

delta z region. There are a total of 385Kreadout channels
for thisstrawtracker. Although TOes will notbe used for
each channel, the pulse height will be digitized for
electron id. This wire tracking and electron id work is
being pursued by Boston University and Brookhaven
National Laboratlxy.

Fig. 5.End and side viewsof theEMPACT detector. The
TRDchambers usestrawtubes.

LSTAR
The central wireand scintillating fiber trackerfor

the LSTAR detectorcan be seen in Fig.6. The strawtube
chamber fills the region from a radius of 40 ernout to
75 em and is about 2.8 meters long. The straw tracking
system has about 75K channels with TOes on all wires.
As in the Hybrid system, the stereo tracking is done with
scintillating fibers. The groups working on the straw
chambers are from Boston University, New Mexico
University, IndianaUniversity and Los Alamos National
Laboratory.

Fig. 6. The tracker for the LSTAR detector. The outer
straw and scintillating fiber modules surround a silicon
system.
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Gas selection:
CF4-Isobutane(20%) appears we can be the most

promising gas for use at SSC. In Fig. 8 the drift time
distribution for a 4 mm straw drift tube filled with CF4
Isobutane(2O%) is shown. It bas a drift time of about 19
ns. Additional measurements with 20% Isobutane show
that strawchambers are fullyefficient above1900volts.

20 )0 to 10 10 10
DriftTlme(NeC)

Fig. 8. Drift time distributions in a 4 mm strawfor CF4
Isobutane (20%).

Detailed measurements of the gainhavebeenmade
by several groups6. As shown in Fig. 9, the gain of the
CF4-Isobutane chambers is about 30,000 at 1900 volts
for 4 mm straws and 25 11 wire diameter. The
measurements shown in the figure were made on a 3.5
meter straw system. At Princeton University the single
cluster timing distributions have been measured," These
were used to determine the diffusion limit of spatial
resolution for 3.5 mm drifts. As can be seen from Fig.
10, the diffusion limit for CF4-Isobutane is about 40 11.
Allof thesemeasurements indicate thata fast efficient gas
with good resolution in already in handfor the design of
straw chambers.

3

,

Fig. 7. The radial dependence of the hit rate, occupancy,
andcurrent draw versus radius of superlayers.

Drirl Cell Research
One of the central concerns in tracking at the SSC

with straw chambers is shown in Fig. 7. This plot shows
theoccupancy, hit rate,andcurrent for a strawdriftcell in
the SOC detector as a function of the radius. The cells
were assumed to be half the length of the detector. The
calculation was was carried out at KEK3 and used a
PYTHIA particle generator, and GEANT for detector
simulation. All known materials were included in the
model, and looping tracksin the magnetic fieldwereused.
We see that we can expect occupancies near 16%at the
inner radius, and currents of up to .6 11 amps. Similar
calculations have been carried out by other groups'! and
are in agreement with thesebasicnumbers.
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Although the occupancy is high, a Monte Carlo
study at ColoradoS has shown that the number of hits
found in a superlayer remains veryhigheven in the inner
super- layers. The numberof good 7 hit segments in a
super- layer with 8 layers is about 90% at design
luminosity at 75 cm radius and climbs to about 98% at
the outersuper- layer. This is is a veryencouraging study
andis being continued with morerealistic tubeefficiencies
to determine theoptimal number of strawlayers.

These simulation studies show us what we can
expectat SSCand whatson of detectors willbe required.
However, what must now be addressed is whether such
detectors exist or can be built. This past year there has
been a considerable amount of work on straw drift
chamber R&D.
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Fig. 9. Gain measurement on 3.5 meter straw chamber
for CF4-Isobutane (20%) 4 mm straw 25 m wire.
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A dramatic test of an operating strawchamber has
been reported by a group at BostonUniversity.ll A 25
strawarraywassubjected to a 0.5 MeVneutron flux of 7
x 107 / em 2/ sec , The strawchambers used CF4gas and
was running typically at 5 MHz. and drawing IS ua of
current The total fluence of neutrons was 6.5 x 1014/ cm
2 and no damage or gain loss wasreported. Bothof these
testsgive us confidence that the radiation levelspredicted
for SSC will present no obstacle to the operation of
straw chambers.
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Fig. 10. Diffusion limit for CF4Jsobutane for 3.5 mm
drift.

Wire lifetimes
There are a number of questions to be addressed

concerning the lifetime of straw chambers at SSC. It is
expected that wiregain and long term contamination will
be a function of the gas used in the drift cell. However,
the other area of concern is the mechanical or structural
damage due to the high radiation dose of components.
During thispast year therehasbeenconsiderable progress
in thisareas.

In Fig. 11 we show some of the work that has
been done at LBL.8 The wire gain of CF4 -
Isobutane(20%) is compared to Ar/ethane with a known
contaminant injected in the chamber. The CF4 gas show
linle sign of damage, but the Ar/ethane gain is seriously
degraded. It appears that the CF4fIsobutane mixture has
the ability to clean the signal wires. This has been also
reported by a group at TRIUMF.9 In Fig. 12 a
previously contaminated chamber running on
Argon/Ethane is shown to return to its original statewhen
running in CF4-Isobutane. Thedamaged area wasisolated
to a small region in the middle of the wire. After an
accumulated charge of about 1 C/cm it had completely
recovered.

These measurements give us confidence that wire
gainshouldremain constantat the SSC over the lifetime
of theexperiment for luminosities far above thedesign.

Neutron Damage
There were two reports at this conference on

neutron damage to straw chambers. The North Carolina
State reactor PULSTAR 10 was used to irradiate mylar
straws and gluedstraws in chamber arrays with thermal
neutron fluences up to 1016 cm·2 and fast neutrons
fluences up to 1015 cm-2. The basics straw components
are confirmed to survive at much higher fluences than
thoseexpected at SSC.
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Fig. 12. The pulse heightof a straw
driftchamber with a contaminated centralregion (10 cm)
fordifferent amounts of totalcharge deposited.



High Rate tests
The principle long range activity of the groups

working on straw chambers is to demonstrate that
tracking in a high rate beam is possible. Ideally this
should be with a full length ( 3 meter) straw system.
Preparations areunderway for suchtests.

At Indiana University construction has startedon a
number of shan 64 strawmodules. Thesecanbe usedfor
trigger and electronics tests by members of the SOC
collaboration. A full length module is nowunderdesign at
OakRidgeandIndiana University. By nextsummer a full
scale module should be ready for testing. At Duke
University a full length cylinder of radius 0.8 meters is
beingconstructed. This prototype superlayer can be used
for high rate tests. and for verifying construction
techniques.

Electronic related R&D

Termination has also been appliedto eliminate the
reflectedsignal.The attenuation of reflected pulse in the
figure indicates one of the areas of interestin R&D. This
attenuation comes about due to the resistivity of the
cathode material and the signal wire. The resistance of
both wireand cathode were about 100 ohm/meter in the
testshown in thefigure. whereas thecoaxia1 impedance of
the strawis about 300 ohms.

The signal attenuation in strawchambers hasbeen
measured by several groups13 and is shown in Fig. 14.
The average attenuation length is about 5 meters. There
are several ways to increase the attenuation length. Work
is in progress on withlowerresistance cathodes and larger
diameter wires. The effect of appreciable attenuation
wouldrequirean increase of gain in the straws and might
require a more elaborate analy~ to O\(llin the. desired
time n.'SDlutioo.

Fig. 13. The signal from an Fe 55 source for a 3.6 meter
straw system. The reflection pulse can be seen to be
attenuated.

Signal size
There are a large number of electronics related

issues under study. These include measurements of the
signal size,effects of strawcapacitance andattenuation in
the strawchambers. There is also design of the preamps,
shapers and fastIDC underway withan emphasis on high
density, low powerconsumption, and radiation hardness.
Finally, a design for a fast level one trigger has been
worked outand willsoonbe tested on a straw module.

Detailed calculations of the signal size expected
with 3 meter straw chambers have been carried out at
KEKt2 for a 7 mm straws with a slow gas (Ar! Ethane).
It is expected that a 4 mm straw diameter and a fast gas
like CF4- Isobutane will give more that twice the signal
size. From these calculations we can estimate the time
jitter and timewalk expected in a 3 meterstraw at SSC.
There does not seem to any difficulty in principle to
attaining 100-150 micron position resolution.

In Fig. 13 a pulse in a 3.6 meterstrawchamber is
shown along with the reflection pulse from the
untenninated end.
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Fig. 14. Measurements of the signa! auenuadon for a
2.3 meterstraws.
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Signal electronics
The drift chamber electronics has been worked on

by groups from University of Pennsylvania14 and the
Japanese laboratory. KEK15. The system that is being
designed by the group from the US is shown in Fig. 15.
It consists of a preamplifier, shaper, discriminator. and
time to voltage convertor, and an analog memory for the
Level I and Level2 triggers. Theirdesignhas progressed
significantly in the past year. They now have prototype
chips with low threshold, low power and radiation
hardness sufficient for SSC. The prototype preamplifiers
have been used on severalof the straw chambers, in fact
theywerecrucial in themeasurements of thesinglecluster
characteristic presented by Princeton University. We
anticipate that in the next year we will have a sufficient
quantity of theamplifiers and shapers to test several straw
modules. The time to voltage converters (TVC) and the
analog storage are shown in somewhat moredetail in Fig.
16.We anticipate that the firstprototypes of thiswillalso
be available next year. KEK is working on an alternative
method (the TMC) of measuring the time and storing it
for a level I trigger.
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alongradial raysfrom the intersection region. In thiscase
a stiff track willproduce a fixed relationship between the
drift times in three successive straw layers. A
synchronizer circuitwill trigger on a stiff track within 30
ns of the arrival of the last pulse. The circuit has been
designed andconstructed. Testing will begin thisfall

PREAMI' SllAl'lNtl 'DISa<IM.

't-1nsWrite

INPllT-r--.....:....---,---

ANALOG Ml!MORY

I TRIGGERr
! ~,.) J Level Z

m1IIIIIIII-illII
T

Oook llME10
VOI:rAOF.

•

ee,..... '" = ...'" """""''''··w·· .. » .• ..•...... .... OM• ...... .. .. .. •x x x x •.. .. .. .. •'RIC TMe NC 'RIC....... ,.... .- .......

Fig. 15. A diagram of thestraw chamber electronics.

Fig. 17. The Time Memory Chip for recording and
storing timing information from thestrawchambers.
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Fig. 16. Details of theTVCand level I and2 triggers.

ThisTime Memory Converter or TMC is shown in
Fig. 17. Thechiphas progressed to the fabrication stage.
andshould be available to test in a chamber by theendof
the year. At University of Colorado there has been an
attempt to design the layout for all of the front end
electronics for a straw module. Theresulting board layout
is shown in Fig. 18. This is an existence proof that a
compact layout of preamplifiers. shapers TVC along with
all dataand read outlines will fit in the modular scheme.
The trigger electronics has also made real progress this
year. At the University of Michigant6 a real time trigger
has been designed to find stiff tracks in a straw
superlayer. The technique and the circuit is shown in
Figure 19.The scheme relies on the layout of straw wires

I.
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Fig. 18. A prototype layoutof the front end electronics
fora straw module.
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with electronics from University of Pennsylvania and
attenuation in the systemmeasured-IS The majorworkat
Indiana now. however. is the construction of modular
arrays to hold the straws in position. A 64 straw module
shown in Fig. 20 has been constructed and is now under
testing. The support shell is 300 11 thick carbon fiber
composite. The endplates havebeendesigned tohavevery
little material. The positioning of the straws and wires is
accomplished by self centering of the wire supports
within the shell. This wire support is shown in Fig. 21.
It consisted of two identical molded pieces that snap
together to form a cylinder with opposing V shaped
passages at eitherend. It has the addedadvantage that the
strawchamber can be strungafterbeingassembled. or can
be rewired if there is wirebreakage. ,

Fig. 19. The synchronizer circuit for triggering on triads
of strawin thestrawsuperlayer.

~ This has been a very productive year for the
electronics R&D. Many circuits are now in the prototype
stageandare ready for testing. Thenextstep is to measure
the high ratecapabilities of theelectronics and to confront
the important details of chamber design such as proper
straw resistance, proper wire attenuation, problems of
capacitance, shielding andgrounds.

Engineering R&D

Prototype Construction
Straw chamber prototypes have been built at

Indiana University, Duke University, Boston University,
and Princeton University. The problems of wire support
and straw support have been solved in a 'number of
different ways. At Duke a 25 straw system has been
constructed. The straws were laid out andglued together
on a flat grooved substrate. The straw length was 2.7
meters and the diameter was 4 mm. Measurements of the
horizontal position in various rows show that the straws
position for this configuration could be held to about 2
mils. This samesystem was instrumented and run at high
voltage successfully. There is an ongoing program to
studyways to accurately layoutandglue the straws to the
support cylinders in thishybrid scheme. A largeprototype
full length cylinderof 0.8 meter radius is being worked
on. At Princeton University there is also work on
building large structur~ of 7 mm diameter straws for a
BCD experiment. Several straw clusters have been
constructed anda novelmethod of pressurizing the straws
to handle them has been worked out.! 7 At Indiana
University a 6 straw 3.6 meier long assemble was tested

Fig. 20. Detail of the end and side view of a 64 straw
module.

Fig. 21.Two viewof a "double V" wiresupport.



Design Studies

Modular Tracker
All of the tracker engineering construction

techniques are driven by the two somewhat incompatible
considerations: First the amount of material mustbe kept
small and second the straws and wires must be aligned
with about SO micron precision and be stable in that
configuration.

The calculation of the radiation length versus eta
for the SDC tracking system shows that in the region of
theendplate of the central tracker there is more that20%
of a radiation length. It is difficult to reduce this
significantly, sinceeachsuperlayer has less than 1%of a
radiation length forperpendicular traversals, andabout1/2
of this is from the straws themselves. The engineering
challenge is to design a support system with 60-75 m
tolerance with lightweight materials. Onesupport scheme
that has been designed by Westinghouse19 is shown in
Fig. 22. The modules are held in position by a rigid
support frame at three points. These frames haveto only
support themodules and not thewiretension, so theycan
be very light They would be made from light weight
carbon composites. Each module has a set of alignment
pins that locate and hold it in position in the support
disks. Four of the eight superlayers would be stereo
layers. These are constructed by using the same modules
as in the axial layers, but rotating them by 3 degrees.
Modules could be assembled into the frame as the final
'operation after all electronics testing was complete and
modules could be replaced in the case of accidental
damage.

Fig. 22. Anassembly drawing of one halfof the modular
driftchamber tracker showing thesupport system.

Hybrid Tracker
The hybrid central tracker is shown in Fig. 4. The

design work on this tracker has been doneat Oak Ridge
National Laboratory.20 In this concept the straws are
supported on full length cylinders that are held on the
ends by a cone and ring support. The details of the
endplate with utilities are shown in Fig.23. Thisendplate
mustsupport wire tension for theentire cylinder, and also
serve as the precision wire positioner. The amount of

material in the support cylinder is comparable to the
modular approach, however, therewould needto beextra
cylinders for the scintillating fiber layers. During this
coming year both techniques will be designed in much
more detail.ThemajorR&Dforreduction of material is in
the endplates and utilities. This is being worked on at
ORNL.

Fig. 23. Details of the endplate for the Hybrid design,
showing utilities.

TRDTracker
At CERN 21 there have been several very

impressive testsof a straw tracking system coupled with
TRDpossibilities. A largearrayof strawtubes was tested
in a CERN beam line to verify that the TDR tracking
cell would give the resolution required by EMPACT.
They found that using only the cell hits (and not drift
time) they wereable to achieve an position resolution of
0.4 mm. At Boston University a strawless detector is
being developed.22 The idea is to combine two foam
molds with cylindrical depressions intoa straw chamber.
This has the advantage of lowmass, easeof construction,
and economy of handing. It may well be excellent
solution to theshortstraw arrays required forEMPACT.

Intermediate Tracker

Radial Chamber
Theintermediate tracker design is beingworked on

by several groups in theUnited Kingdom.23 Thedesign is
based on the radial chambers being built for the HI
experiment at HERA. Thedetails of thedesign are shown
in Fig. 3. and Fig. 24. The present design involves 5
radial chambers position alongthez axis.Theyeach span
a SO cm to ISO cm radial space. Each has 300 azimuthal
cells with a maximum drift distance of 15.7 mm. Within
each module there areSlayersof driftcells. Thelongdrift
times could be a problem at sse where the bunch
crossing is 16OS., so a planeof ragging counters is placed
in front of each radial chamber. These" bunch ragging
counters" are shown in Fig. 25. The tagging counter time
resolution is about threecrossing times. This has been
shown to be sufficient to result in good pattern
recognition in the radial chamber. The R&D effort at
present is concentrating on current draw in the volrage



·r' grading resistors. Because of the higher currents in the
chambers at SSC this couldbe a difficult problem. Also
the Lorentz angle for the drift gas (CF4) must be
measured24• This work is already underway and first
results were presented at this conference. One of the
primary advantages of the radial wirechamber is that the
geometry matches thephysics in theforward region andan
excellent tracking system can be built with very few
electronics channels. It is anticipated thatthe total channel
countfrom bothendswi11 be less than SOK. Thereis also
an active design program on electronics for radial
chambers at Rutherford Laboratory. Alternative devices
suchas microstrip chambers arealsounder study.

\
\

Fig. 24. Details of a radial wire chamber. The SDC
version would have larger inner and outer radii and 300
sectors.

New Gaseous Chambers
In the intermediate region there have been a

number of proposed detectors in addition to theradial wire
chambers. Groups from Japan 25and Texas26 havebeen
developing a new type ofgaseous discharge chamber called
theknife edge chamber with a signal and cathode structure
printed on silicon. Reports from both groups were
presented at this conference. In the case of the Texas
design, an intermediate tracker hasbeen proposed and the
design started. Another technique being looked into at
University of Rochester27 is a resistive cathode driftcell.
This scheme effectively uses a drift pad with hexagonal
pads to fill theforward area. Each padhasa graded voltage
for electron to drift toward the center pin where they
avalanche. Scanning Tunneling Microscope points could

be usefor thedischarge pins.Workis underwayto design
in intermediate tracker withsucha system.

Fig.25. Details of thebunchtagger counter which covers
each sector and tags theproper bunch crossing time.

Summary

Wire chambers can play an important role at the
SSC. Although straw drift chamber are a mature
technique, there have been a number of innovations in
straw drift chambers during the past year. All of the
principle SSC detectors have been developing straw
chambers and have concluded that such systems are
feasible. The counting rates in the straws are high, but
Monte Carlo studies indicate that tracking looks
promising at and above design luminosity. Thechamber
lifetimes with CF4gases look very good.and radiation
effects appear to be no problem at SSC for CF4 gas
mixtures.

In the intermediate region there is a radial wire
chamber design understudyand thereare newer gaseous
chambers that lookpromising.

Fullscaletestsare beingplanned to verify tracking
at high rates and to confirm the triggering aspect of straw
chambers.
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I Themembers of theWiretracking Subsystem groupare
Indiana University, University of Colorado, University of
Pennsylvania, University of Liverpool, University of
Glasgow, Rutherford Laboratory, KEK, Westinghouse
Science andTechnology Center, LBLandOakRidge
National Laboratory.

2 The members of the Hybrid Tracking subsystem are
CBAF, DukeUniversity, FloridaStateUniversity,

- .' General Electric Canada, KEK, Nonh Carolina State
- University, Northeastern University, OakRidgeNational

Laboratory, Quantum Research Services, Supercomputer
Calculations Research Institute, TRIUMF, and University
of Pennsylvania.
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