
1••lllliIBIIIIIII
o 1160 00S2S6S 3

SDC-90-00124

soc
SOLENOIDAL DETECTOR NOTES

A HYBRID CEN1RAL TRACKING CHAMBER FOR SSC DElEcroRS

A. T. Goshaw

October 16, 1990



.r>

A Hybrid Central Tracking Chamber
far

SSC Detectars

presented by
A.T.Goshaw

for the
HCTC Subsystem Collaboration

Outline

I. Introduction to the Hybrid CTC Subsystem R&D project

II. Goals of a high precision. large volume CTC for an SSC detector

III. Reasons for choosing a hybrid of straw tubes and scintillating fibers

IV. Description of a HCTC design for the SOC detector

V. Review of R&D results supporting the HCTC concept
Task 1: straw tubes
Task 2: scintillating fibers
Task 3: mechanical engineering
Task 4: detector Monte Carlo simulation

VI. Conclusions



Introduction to the Hybrid CTC Subsystem R&D project J
*

*

*

*

*

*

A collaboration was formed in late 1988 to carry out the design of a

high precision, large volume tracking chamber for SSC detectors.

A key element in this design exercise was the interaction between

research groups that had design experience with .tuu1J. straw tube
and scintillating fiber detectors.

Another essential catalist to the design was the early invovement of

mechanical and material science engineers at ORNL. This give-and 
take interaction lead to a fundamental change in the modularity and
support structure for the detector elements.

The design evolved over a period of 6 to 8 months and was proposed

to the SSC Subsystem R&D Program in September 1989.

The FY1990 Subsystem 11&0 program target those issues which were

critical to the success of the Hybrid Central Tracking (HCTC) design.
This research has confirmed the basic HCTC detector concept and
lead to a refinement of the design.

The revised detector design and a proposed second stage R&D

program has been submitted to the SSC Lab's FY1991 Subsystem
R&D Program. The HCTC Collaboration now consists of 40 people
from 12 institutions.
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General Goals of the HCTC Design
(based upon requirements of the SOC detector) 'J

(J (r••) - 150 microns*
*

precision

high data rate capabilities _:>

a(Z) - 2 mm

16 ns bunch crossing time

* good pattern recognition capabilities -:>

detection cell occupancy < 100/.
point measurements/track :> 50

* large volume -:> -1.6 < T\ < +1.6

-4.0 < length < +4.0 m

o < • < 2:
0.5 < radius < 1.7 m

* hermitic and isotropic tracking coverage ->

no • and T\ cracks
no termination plates within eta < 1.6

simplicity of detector fabrication ->

mass production techniques possible

rigid, low density, low creep mechanical support structure ->

place detector elements to < 75 microns
maintain placement for > 5 years

density of support structure 2·3% Xo at 90 0

*

*

*

radiation hardness of all components to -

( L _ 1033 /cm2/s) -

'0 a neutrons/cm2/year

0.5 Mrad/year

* fail-safe detector operation -:>

detector cells isolated
modular electronics boards

* affordable cost ., 5 to '0 % of total detector S's
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Evolution of the Hybrid CTC Design (een.)

Scintillating Fibers

precision of a(z) - 2 mm "'>

use scintillating fibers with diameter - 1 mm

wind fibers in helix on a cylinder with..:. SO stereo
Advantages: 1) light output OK, satisfies measurement precision

2) number of readout channels managable
( -1 OOK in HCTC design)

3) hermitic and isotropic tracking coverage
4) simplicity of mechanical fabrication

Conclusion: Scintillating fibers are a good choice for
the z measurements.
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Evolution of Hybrid CTC Design

Scintillating Fibers

precision of cr(r.,) - 150 microns ->

use scintillating fibers with diameter - 500 microns
Problems: 1) low light output for fibers of length - 4 m

2) radiation hardness?
3) number of readout channels> 1.5 million

to maintain> 50 (r,,) points/track
4) affordable cost ??

Conclusion: Scintillating fibers are not a good choice for
the (r" ) measurements.
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Evolution of the Hybrid CTC Design (een.)

Straw Tu be Drift Cells

precision of O'(r,.) - 150 microns ->

use straw tubes with diameter 4 mm and a fast gas
[CF4-isobutane, CF4-argon·ethane)

Advantages: 1) (r ••) measurement precision can be attained
2) drift time across cells - 20 ns
3) active lengths up to 4 m practical
4) number of readout channels required

for> 50 (r••) measurements is managable
( -200K in HCTC design)

Disadvantages: 1) cell occupancies are relatively high
[estimates 3 to 17%, outer to inner superlayers

at L. 1033 /cm 2/s )
2) mechanical construction is not simple

Conclusion: Straw tubes are a good choice for the (r t . )

measurements In the CTC during the first
stage of sse operation.

As the luminosity Increases towards 103 4/cm 2/s some of
the straw tube superlayers would be replaced by scintil
lating fiber superlayers. The optimum hybrid configuration
Is clearly luminosity dependent.
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4 mm diameter
straw tubes

z wires
sigma (r,phi) - 150 microns

3/4 to 1 mm diameter
scintillating fibers

u-v stereo with i. SO stereo

slgma(z) - 2 mm

-t-_

-

-
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Evolution of Hybrid CTC Design (een.)

Mechanical Su~ort Structure
and

Fabrication

large volume ->

hermitic and isotropic tracking coverage ->

rigid. low density. low creep support structures ->

simplicity of detector fabrication· _>

fail-safe operation _>

All of the above design goals require careful consideration of the
support structure and assembly proceedure for the CTC.

Conclusion: After discussions with mechanical and
material science engineers at ORNL, our
design evolved from a highly modular concept
to one based upon large stable-base
support cylinders.
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Advantages of Stable-Base Support Structure

large eontinuous eylinders ean span the entire tracking volume

- no support or termination plates within -1.6 < 11 < +1.6

straw tube and scti superlayers are directly supported and

aligned by the precision outer surface of the cylinders
=> simplicity of fabrication
=> hermitic and isotropic tracking coverage
=> simpler trigger and pattern recognition

cylinders can be fabricated from carbon fiber-epoxy skins outside

a foam spacer
=> rigid structure (sag - 10's of microns)
=> long term stability (low creep)
- low density (- 0.3% Xo cylinder thickness)

automated procedures for laying the straw tubes and fibers on

the outer surface of the cylinders seem feasible
- lower cost

the support structures at T\ =.:. 1.6 contain all gas and electronics

- ease of incorporating modular electronics
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»< Cetails af Stable-Base Cylinder Structure

Initial Ideas

straw tubes

scintillating fibers~
--- carbon face sheet

Cesign Based Upon FY1990 R&D

straw tub••

r
-0.6% Xo2.8 em

carbon face sheet --L- 10 mil thick

-1 em - 0.3% Xo

t
foam core
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Straw Tube Superlayer ( 8 cells deep)
adJacent to a

Scintillating Fiber u-v Stereo Superlayer

, ,, \

101 I 0 I

cE q
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101 101

Monte Carlo simulation of straw tube and stereo scintillating
fiber superlayers. The circles represent the distances measured
from the .s~!l\'l_tube drift, times. The small squares indicate
sgntillating fiber hits. The left track is at z=O. the right at z",cn
(not!! the stereo displacement of the fiber hits).
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Hybrid Central Tracking Detail

------------------

Cutaway view of one Quarter section of a HOC detee.or, with
eight straw tube super'..aYers (z wires) and three OUter sc:uillaang
iibe:r superlayers (Stereo, u-v fibers).
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Hybrid Central Tracking Assembly

IJCTC detector in SOC outer tracking volume. The tracking within a radius of 0.5 m would
be done with a silicon strip tracker. -
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silicon strip tracker
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Major HCTC R&D Results from FY1990

Task 1: straw tube drift chambers

determination of E.S. stability requirements;

solution of wire support problem

construction and testing of 60 tube. 2.7 m long superlayer

advancement of straw tube end plate design;
zeroth order prototype on 2.7 m superlayer;
first order design with gas manifolds, cooling. electronics

radiation hardness study of gases. straw tubes and glues

Task 2: scintillating fibers

evaluation of light output and radiation hardness of various fibers

[ Bicron. Kurary, Opteetron)

preliminary evaluation of avalanche photodiode performance in

geiger mode at room temperature; measurement of susceptibility
to neutron damage
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Major HCTC R&D Results from FY 1990 (een.)

Task 3: mechanical englneerlni-

analysis has shown that the large. rigid. low density cylinders

needed for the HCTC design can be constructed

progress has been made on the design of a support structure for the

HCTC supertayers

preliminary ideas for straw tube assembly automation have been

developed

Task 4: Monte Carlo simulations

a detailed simulation of the HCTC detector's response to SSC

interactions has been made

preliminary pattern recognition studies have been carried out
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c:OSS section oi :::e 5t:':1\'" t~":le s~?e:,~!ve:'.

were insrru=:.e~.:eci witn sense wires.

~ _0.
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Figure 3-1. Cross-section of 009215 package. Ught pipe core diameter and
detector sensitive diameter are both 0.5 mIn.

1::.3 ff1V/div -3a.3 mV Za.3,.,./div -Sa.3a ,.,.
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Figure 3·2. Signal obtained with prototype of hybrid circuit.
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Fast ftuence (crnoZ)
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Figure 3-9. Variation with fast neutron fluence of the ratio of dark count rate
after irradiation to that before irradiation.
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Major HCTC R&D Goals for FY1991

Task 1: straw tube drift chambers

continued evaluation of existing 2.7 m superlayer

construction of long (-5 nil straw tubes with midtube terminators

construction of a straw tube superlayer on cylindrical drum;

study of assembly automation procedures

frontend electronics testing and assembly into end plate ring

gas selection and aging studies

radiation hardness evaluation of all components

Task 2: scintillating fibers

study optical and mechanical properties of fibers and ribbons

development of readout electronics: avalanche photodiodes

multianode photomultipliers

radiation hardness evaluation of all components
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Major HCTC R&D Goals for FY1991 (con.)

Task 3: mechanical and system englneerlnS'-

carbon fiber cylinder design and prototype fabrication

end plate design and prototype fabrication

support structure design

development of assembly and automation procedures

Task 4: Monte Carlo simulatIons

detector response and pattern recognition studies

optimization ef HCTC parameters for sec detector

evaluation of neutron backgrounds in central tracking regien
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CONCLUSIONS

* A hybrid of straw tubes and scintillating fibers is needed
to optomize the design goals of a large volume CTC for the SSC.

* Our analysis indicates that a very low density support
structure based upon large carbon fiber cylinders is
desirable over alternative approaches.

* The HCTC design provides a natural path for upgrades to high
luminosities.


